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ABSTRACT.
1. Treatment of 2 day-old chickens with cycloheximide 
produces birds which, in later life, are retarded 
learners on both visual and auditory learning tasks.
2. The learning deficit produced is modality specific. 
Holding the chick in the dark after injection protects 
the chick from visual retardation but not from auditory 
retardation, while holding the chick in silence results 
in auditory protection but not visual protection.
3. The onset of the period of greatest sensitivity to 
cycloheximide's effect on subsequent visual learning 
is delayed until the end of the first day of life, 
just as is the critical period for visual imprinting, 
and lasts for a week.
The time course of susceptibility for subsequent 
retarded auditory learning precedes that for visual 
learning in the same way that the ability to imprint 
in the auditory system precedes that for the visual 
system. Treatment at 6 h is maximally effective while 
injection on day 3 does not produce auditory retardation 
though it still produces visual retardation.
4. Chickens can be protected from this effect of the drug 
on visual learning, if they are held in the dark, or 
are exposed to patternless white light, or if they are 
injected while under anaesthesia, even when their eyes
are held open. So it would seem that the deficit is 
somehow due to the actual processing of patterned 
visual input that is received while the drug is acting.
5. The sorts of patterned visual input that have been 
found to affect subsequent learning are those 
containing spots or crosses in the centre of the visual 
field. In contrast, birds exposed to patternless white 
light and patterns containing spots or crosses in the 
peripheral visual field or non-intersecting lines placed 
in the central or peripheral visual fields are unaffected 
by cycloheximide treatment.
6. A series of experiments has also been carried out to 
investigate the possibility that the lateralization 
of visual learning ability, found in chickens by 
Anson (1974), could in fact be due to differential 
hemispheric development. The results show that there 
are different rates of hemispheric development with 
respect to the behavioural effects of susceptibility 
to cycloheximide. The differences in susceptibility 
to cycloheximide in each forebrain hemisphere which 
occur during the first 12 days of life, suggest the 
possibility of development of a new form of access
or control from the left to the right hemisphere in 
the normally - developing chick brain, which can be 
blocked by cycloheximide.
7. Different "consolidation" times, as measured by 
cycloheximide's block of long term memory formation, 
have also been found in young as compared to older 
birds. This result may have revealed a real difference 
between young and older birds, but it may however be 
due to different biochemical time courses of action of 
the drug at the two ages.
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1. Importance of early experience.
More than two thousand years ago Aristotle 
wrote "Of little birds some sing a different note from 
the parent birds if they have been removed from the nest 
and have heard other birds singing; and a mother 
nightingale has been observed to give lessons in singing 
to a young bird, from which spectacle we might obviously 
infer that the song of the bird was not congenital with 
mere voice but was something capable of modification and 
improvement"- (from the 'History of Animals' translated 
by Cresswell 1897), Since then naturalists have continued 
to compile anecdotes and life histories of many animal 
species and continually speculated about the importance 
of early learning in the lives of lower animals.
In more recent times interest in the effects 
of early experience upon adult behaviour has been 
stimulated for several reasons. Some of the first 
systematic experiments dealing with behavioural development 
were generated by the problem of the perfection of simple 
response patterns such as the swimming behaviour of larval 
amphibians (Carmichael, 1926, Harrison, 1904) or the 
pecking behaviour of young chickens (Shepherd and Breed, 
1913). The impact of Freudian theory, which in part 
highlighted the significance of early trauma on emotional 
development in humans, and the theories of Konrad Lorenz 
on the formation of social bonds in birds, have also been 
sources of great impetus to the general development of 
thinking in this area.
In addition to this anecdotal evidence there
are more systematically-documented phenomena. The most 
extreme changes may be produced by under-nutrition or 
hormonal imbalance, which if inflicted on laboratory 
animals or humans, especially during key periods of brain 
development, result in apparently irreversible deficits 
in cell number and brain weight (Dobbing 1968), DMA content 
(Dickerson, 1968), myelination (Bass, Netsky and Young, 1970b), 
and electrophysiological maturation (Mourek et al, 1967). 
Functional deprivation, e.g., rearing animals in darkness, 
also produces dramatic changes. When rats or mice are 
reared in darkness the neurones of the outer layer of the 
visual cortex are more closely packed,there is a reduction 
in spines on the visual cortical pyramidal cells (Valverde, 
1967, 1971) and in synaptic number and density (Cragg 1969). 
Lack or restriction of visual input also results in an 
alteration of the neurophysiological properties of visual 
cortical cells in developing cat cortex (Pettigrew, 1974).
Some of these changes may be reversed or reduced by subsequent 
exposure to 'normal' light conditions (Valverde, 1971).
The effect of environmental manipulations of 
'enriched' versus impoverished environments have also been 
shown to produce changes in cortical weight and enzyme 
levels (Bennett, Rosenzweig and Diamond 1970, Rosenzweig, 
Bennett and Diamond 1972a, b.). The bulk of enzymatic 
activity measurements made by these workers involved 
acetylcholinesterase, cholinesterase and choline 
acetyltransferase. In comparison with rats reared
differentially for 80 days postweaning in "enriched" 
conditions (EC), the results for acetylcholinesterase 
indicated an increase in activity in rats raised in 
isolation, relative to tissue weight in the cortex and 
a slight decrease in the rest of the brain. Cholinesterase 
activity was relatively increased in the cortex and less 
so in the rest of the brain in the EC rats. In older rats, 
it is reported that enzymatic measures appear to be less 
affected by differential housing. Choline acetyltransferase 
activity appeared to parallel acetylcholinesterase activity 
when it was measured, while acetycholine measures revealed 
no differences. The weight differences in various brain 
regions produced by differential rearing procedures are 
striking, with the greatest differences being found in 
occipital cortex, although significant effects are seen in 
somesthetic, remaining dorsal and ventral cortex (Rosenzweig, 
Bennett and Diamond 1972a).
Many behavioural studies have centred on the 
'isolation syndrome' in rodents, canines and primates.
In rodents, behavioural effects of isolation have been 
seen in appetitive and avoidance performance (Goeckner, 
Greenough and Maier, 1974; Lovely, Pagano and Paolimo,
1972; Valzelli, 1973), exploratory activity (Ader and 
Friedman, 1964; Essman, 1966) sexual and aggressive 
activity in mice (Charpentier, 1969, Lagerspetz, 1969,
Scott and Fredericson, 1951; Valzelli, 1973) and various 
other measures of irritability and stress reactivity 
(e.g. Ader, 1965; Baer, 1971). In primates, similar effects
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have been reported in play, aggression and sexual behaviour 
(Harlow, 1962). A wealth of behavioural studies also show 
that social stimulation in infancy, exposure to light, 
exposure to complex environments, have lasting effects on 
the young brain (Hebb, 1947). Biochemical, physiological 
and anatomical changes have been reported following all 
these sorts of manipulations (See review Greenough 1976) .
There is a lot of anecdotal evidence which shows 
that there are periods in human ontogenetic development 
when particular experiences exert a profound and lasting 
influence on an individual's behaviour. Freud, for example, 
postulated, among other things, several distinct stages 
in human psychosexual development during which experiences 
of different kinds could lead to fixations and thus mould 
human character (Freud, 1932). Piaget concluded that the 
changing "structures" which characterize the perception 
and thought of the child were also a matter of successive 
integrations as he or she passes from infancy to 
adolescence (Piaget, 1936). However, while these theories 
have had a profound effect upon the development of most of 
the human social sciences, they have not led to the 
demonstration of well-defined critical periods in human 
development.
In some lower animals however more precise 
observations have indicated that certain periods in 
ontogeny are of crucial importance for the development 
of characteristic behaviour patterns. Scott (1945) 
initially reported that a female lamb raised on a bottle
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for the first 10 days of life in isolation from the 
flock, was attached to people and later made a poor 
mother. This, and some later more systematic observations 
have shown that there is a critical period, starting 
almost at birth, for some aspects of social development 
in sheep (Scott, 1962). Harlow and Harlow (1962) report 
that young rhesus monkeys form strong social bonds among 
themselves between the third and the sixth month of life; 
social deprivation during that time damages their ability 
to ever achieve "social adjustment".
However all these examples really only support 
the idea that there are sequential stages in development 
which are important to subsequent behaviour. They do 
not give evidence of a true sensitive period where 
development of some particular part of the nervous system 
or development of a particular behavioural response must 
happen, or it never occurs at all.
There are two well-founded examples however. 
Severe defects in vision have been demonstrated in cats 
and other animals raised in darkness or under diffuse 
light conditions (Riesen 1966). Studies of the 
physiological and morphological effects of raising 
kittens with one eye closed by eyelid suture during the 
first few months after birth have revealed changes in 
both the lateral geniculate and the visual cortex 
(Wiesel and Hubei 1965a, b). Simple behavioural 
observations indicated that these animals also suffered 
gross and persistent defects of vision with the deprived 
eye. Most importantly the permanent defects are produced
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only when an eye is closed during a strictly-limited 
period of susceptibility i.e. there is a sensitive period 
for the effect in kittens which begins around the early 
part of the fourth week. Monocular visual experience 
during this well-defined postnatal period of susceptibility 
results in increased numbers of neurons which respond 
exclusively to the previously open eye, with a loss of the 
normal, binocularly-activated neurons (Wiesel and Hubei 
1965, Pettigrew, Olson and Barlow 1973). These changes 
in ocular dominance are virtually permanent and occur 
rapidly.
But even this postnatal period of neural 
plasticity can be altered. Kasamatsu and Pettigrew (1977) 
report preliminary evidence that catecholamine neurohormones 
are required for the maintenance of visual cortical 
plasticity during the critical period. They compared 
monocularly deprived kittens with littermates who had been 
lid-sutured for the same time but who had, in addition, 
been treated with 6-hydroxydopamine to deplete their 
forebrains of catecholamines. The visual cortices of all 
the catecholamine-depleted kittens showed high proportions 
of binocular neurones, in contrast to the control group 
most of whose visual cortical neurons were driven exclusively 
by the non-deprived eye.
More specific effects have even been found when 
kittens are allowed restricted visual experience. For 
example kittens were fitted with goggles that allowed them 
to see only three vertical lines with one eye and three 
horizontal lines with the other. Later recording from the
8.
cortex disclosed only vertical receptive fields in the 
eye exposed to vertical lines, and only horizontal receptive 
fields in the eye exposed to horizontal lines (Hirsch and 
Spinelli 1970, Spinelli et al. 1972). Kittens were 
subsequently behaviourally blind to the contours they had 
never seen. Blakemore and Cooper (1970) reported similar 
results with kittens kept in the dark except for a daily 
period in a cylinder painted with either vertical or 
horizontal stripes. Exposing kittens to only small dots 
of light produced cells that responded preferentially to 
small moving targets (Pettigrew and Freeman 1973).
Evidence from work on astigmatism in young 
children also suggests that similar sensitive periods are 
present in human visual development (Freeman and Thibos 1973). 
The same phenomenon may well be involved in the functional 
maturation of the visual pathways of the young chicken.
While early experience is important and does 
permanently affect both subsequent behaviour and the 
development of the brain there is no knowledge of how this 
happens. Two principles are however apparent. Periods of 
developmental susceptibility exist, which is very clear in the 
case of binocular deprivation in cats. Secondly, the 
interaction of environmental stimuli and the sensitive period 
make for the permanent changes in the developing brain and 
behavioural repertoire. Somehow the combination of sensitive 
period and experience interact to do this. It must be 
recognized too that it is extremely difficult to tease apart 
the effects of early learning from those of maturation.
The physiological, biochemical and morphological events in
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the brain which underlie experience could be manifested 
as learning in one sense or maturation in another. Cell 
division, differentiation, myelination and synapse formation 
are all part of the maturation process and are all probably 
dependent in some way on experience. The facilitation of 
synaptic transmission which has been postulated to underlie 
learning (Mark 1974) would certainly be dependent on the 
above processes and would also be dependent on experience. 
Explanations of both phenomena may turn out to be the same.
2. Imprinting.
The best and most studied example of a sensitive 
period in behavioural development where it seems not 
unreasonable to suggest that there is a specific memory 
at the base of the behavioural change, is that seen in 
young precocial goslings, ducklings and chicks. It is 
now commonly recognized as imprinting.
In order to study the mechanism of early learning 
one needs a behavioural situation where the period of 
susceptibility is short and the effects are comparatively 
irreversible, coupled with a massive change in behaviour 
that is easily measurable. Something that clearly and 
massively affects animal behaviour is more likely to 
have widespread, and therefore "easily" detected biochemical 
effects on the brain. Imprinting in precocial birds appears 
to meet these criteria, and has therefore been extensively 
studied.
In 1873 Spalding reported that incubator-hatched
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chicks tended to follow persistently the first moving object 
to which they were exposed. Heinroth (1910) subsequently 
reported that grayleg geese can be made to respond to humans 
in filial fashion in preference to adults of their own 
species if they are exposed to humans just after hatching. 
Several years later Lorenz (1935) extended Heinroth's 
observations and provided a theoretical framework within 
which to interpret them. Lorenz emphasized that in certain 
species of birds a wide variety of either animate or 
inanimate objects can evoke the sorts of social behaviour 
that are ordinarily directed towards members of the bird's 
species. Significantly, this learning process, which 
Lorenz called 'imprinting', occurs during an early critical 
time and is relatively more stable than later learning in 
affecting subsequent social and sexual behaviour.
Lorenz's original statements about the character 
of imprinting have led to much controversy over whether 
imprinting is a special sort of learning, or a unique 
process. Lorenz believed that the process was quite unlike 
other forms of learning. His strong inferences about the 
underlying mechanism, its speed of operation, its 
irreversibility and the essentially passive role played by 
the young animal have all been experimentally tested over 
the last fifteen years.
The imprinting literature contains evidence that 
an extremely large assortment of objects and events will 
evoke the response. These include in the visual world alone; 
humans, balloons, electric trains (Fabricius 1951, 1955; 
Fabricius and Boyd 1954) footballs (Ramsay 1951), small cubes
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and cylinders (Jaynes 1956, 1957), coloured cardboxes 
(Salzen and Sluckin 1959) light flicker (James 1959, 1960), 
moving horizontal lines (Smith and Hoyes 1961) rotating 
discs (Smith 1960) , animals of a different species (Baer and 
Gray 1960), and stationary three-dimensional objects (Gray 
1960) among others. Klopfer (1956) tells of a domestic 
chick that not only imprinted on its cagemate, a swan 
goose gosling, but went on to adopt certain feeding habits 
and vocalization patterns of its peer.
But, the idea of an image of an object that is 
stamped instantaneously and irreversibly on a passive 
"tabula rasa" is wrong in at least four respects (Bateson 1971). 
The young bird is not passive, it actively engages its 
environment and works for stimuli that are most effective 
in eliciting its social behaviour. Within limits, the 
learning process is gradual - the longer the animal is 
exposed to a particular stimulus, the better able it is to 
discriminate between it and the unfamiliar. And the 
stability of imprinting almost certainly depends on the 
length of exposure; in the striking cases where preferences 
are maintained throughout life, initial exposure was rarely 
less than a week.
The various criteria which have been used to show 
the presence of imprinting have been listed by Sluckin (1972). 
They include -
1. Distress at separation test. "Peeping"
(Andrew 1964) in response to an environmental change has 
been taken as indicative of separation from surroundings to 
which some attachment has developed (Fullerton et al. 1970).
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2. Recognition at reunion test. Early exposure 
to an object later results in its 'recognition' as familiar 
by the young animal which approaches the object, whereas a 
'naive' animal will tend to withdraw from such as object 
(Salzen and Sluckin 1959, Moltz 1960).
3. Choice test. This method, whereby the animal 
discriminates between the familiar and unfamiliar figures 
and chooses the former, is the standard test. It's main 
problem is that as the animal approaches one stimulus 
figure, it naturally becomes bigger and brighter and more 
attractive. Bateson and Wainwright (1972) however have 
developed an imprinting test to try and cope with this 
problem. The advantage of their imprinting "wheel" is 
that as the animal approaches a stimulus figure, it is 
carried in the opposite direction. A position between the 
two test figures is thus reached which is not based on the 
greater attractiveness due to proximity of one stimulus 
over the other. The apparatus provides a sensitive means 
of teasing apart the initial bias which the chicks might 
have for one of the test stimuli, due perhaps to the 
direction the chick faces when put in the wheel, from the 
effects of subsequent training.
4. 'Run to mother' test. This is the classical 
test where the young chick is placed in a runway with the 
moving object and is then left there for some hours or days. 
Sooner or later the animal will stop following the object 
and will do other things, perhaps eating or drinking in a 
corner, or wandering about. However if the familiar
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environment is disturbed by a sudden noise, or by the 
appearance of a strange moving or stationary object, then 
the young animal will immediately rush towards the familiar 
moving figure and remain close to it for sometime.
5. 'Work for reunion1 test. Hoffman et al. (1966)
have studied the behaviour of ducklings in what is 
essentially a Skinner Box in which the reinforcement for 
operant behaviour consists of viewing a familiar moving 
object. Under such conditions 'naive' young birds will 
learn to peck or press a relay in order to see a moving 
object. Later on the animal will work to be reunited with 
the familiar object to which it has been imprinted.
Smith and Bird (1963b) showed how much more 
effective combined visual and auditory stimuli are in 
eliciting approach responses in domestic chicks than either 
mode of stimulation alone. Boyd and Fabricius (1965) working 
with Mallard ducklings reported that sound alone was more 
likely to elicit responses than moving models not accompanied 
by calls, that a moving and calling model was highly 
attractive, and that after responding to such a model a 
duckling would readily follow a silent one.
Auditory imprinting is a less-studied phenomenon 
than classical visual imprinting. Auditory imprinting may 
be achieved not only after hatching but also in fairly 
advanced embryos. Grier et al. (1967) exposed domestic fowl 
eggs to patterned sounds for six days, late during incubation, 
while control eggs were incubated in the quiet. Soon after 
hatching, the experimental chicks, unlike the control ones, 
showed a preference for the sound heard during incubation.
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Such chicks also followed a moving model, when it emitted the 
'familiar' sound, longer than a model which made a novel sound, 
or no sound at all. The chick embryo is even capable of being 
accoustically imprinted to a low frequency sound between days 
13 - 18 of embryonic development but cannot be visually 
imprinted until day 18 - 21 (Gottlieb 1968).
While young birds develop life-long social 
preferences through imprinting (Dennenberg 1969), they 
also must learn the basis of much other behaviour, even 
feeding, drinking and perching (Norton-Griffiths 1969, 
Rabinovitch 1968) over much the same period.
There is no reason to believe that imprinting, is 
different from learning in adults at least as regards the 
underlying biochemical and physiological mechanisms. The 
young bird brain is primed to learn the many behaviours which 
form the basis of its subsequent behavioural repertoire.
There is no reason to believe that a different mechanism 
underlies this learning from that which underlies learning 
in adults, though this issue has been subject to much debate.
The imprinting period in young chickens offers a 
reasonable chance of success in determining some of the 
cellular correlates of early memory formation. But analysis 
is complicated by the fact that the imprinting period is 
not only one of significant visual learning for the young 
chick, but also a period in which a considerable amount of 
brain development is occurring. This development represents 
mainly maturation of connections rather than changes in cell 
number or synapse formation (Cragg 1974); the chick hatches 
with precocial motor and behavioural abilities which are
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subsequently refined.
Despite this difficulty Bateson, Horn and Rose, 
(1972) have recently shown the learning process of imprinting 
to be coupled with an increase in RNA synthesis in the visual 
area of the forebrain. Haywood, Rose and Bateson (1970)
3found an increased incorporation of ( H) uracil into RNA
3and ( H) lysine into protein in the forebrain roof in chicks 
that had been exposed to the imprinting stimulus for 78 
and 105 minutes, respectively, but not in birds either 
exposed to diffuse overhead light or kept in darkness. These 
changes were preceded by increased activity of RNA polymerase 
in the same region of the imprinted birds. Birds exposed 
to the imprinting stimulus and then replaced in the dark,
3continue to show elevated incorporation of ( K) lysine into 
protein in the forebrain roof, and a rather generalized 
elevation of uptake of precursor into all brain regions 
compared with dark maintained controls for up to an hour 
(Haywood, Hambley and Rose 1976).
It is true that these results show a temporal 
sequence of changes following stimulus onset which are 
compatible v/ith an activation of a transcription-translation 
biochemical sequence. But these correlations are not 
necessarily correlates of the learning associated with the 
experience. The changes detected may occur with stimulation 
per se and may not be specific to the learning involved in 
imprinting.
They could even be artefacts of the techniques 
used (Rose, 1976). An apparent elevation in the rate of 
protein synthesis may merely reflect enhanced uptake of
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radioactive precursor into the cell as a result of increased 
blood flow (Bondy, Lehman and Purdy, 1974) or changed 
levels of free pool amino acids, or alterations in the rate 
of degradation of proteins (Rose, Hambley and Haywood, 1975, 
Haywood, Hambley and Rose, 197 6) . There is evidence that 
stimulation and deprivation result in altered cerebral
blood flow and intracellular amino acid pools. (Bondy, Lehman 
and Purdy, 1974, Rose, 1972, Haywood, Hambley and Rose, 1976).
The changes could even lie on a biochemical 
sidepath to the "real" correlate as Rose (1976) has suggested. 
A genuine underlying biochemical correlate may be a process 
requiring ATP (to choose an example), and the level of ATP 
may be rate limiting for protein synthesis. Hence protein 
synthesis would be modified indirectly when responses to 
experiences and learning occur.
Moreover, the changes detected could simply be 
correlates of changes of sensory input, arousal level, 
attention or motivation (Bateson, 1976). To approach the 
problem of controlling for sensory stimulation Bateson, Horn 
and Rose (1973) did two experiments. In the first, the 
effects of the duration of learning prior to the precursor 
incorporation were examined. Birds were exposed to the 
stimulus for 20, 60, 120 or 240 minutes on the first day 
after hatching in the absence of precursor. On the second 
day they were injected with ( H) uracil and all exposed to the 
stimulus for 60 minutes. None of the groups differed from 
the others in stimulus preference when tested at the end of 
the second 60 minute exposure, but the incorporation into
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the anterior forebrain roof was correlated with duration of 
exposure on day 1. Those birds with the least exposure on 
day 1 (and presumably with the most to learn on day 2) showed 
the highest incorporation in the anterior forebrain roof 
immediately after their second training session. This was 
not due to a carry-over effect from the first treatment 
because the incorporation of precursor into birds kept 
in the dark on day 2 was identical irrespective of their 
treatment on day 1.
A second piece of evidence which suggests that 
the changes seen are directly related with learning per se 
is the correlation between incorporation in the anterior 
forebrain roof and the bird's preference for the familiar 
as opposed to a novel stimulus (Bateson et al 1974).
Several measures of the bird's behaviour, during both 
exposure and testing were recorded, and the degree of 
correlation with the extent of incorporation in four brain 
regions were examined. There were precursor incorporation 
effects in the whole brain which correlated with the latency 
of response to the stimulus, and a significant correlation 
between specific radioactivity in the anterior forebrain 
roof and preference for the familiar, the measure of learning 
used in the experiments. When the depressions were accounted 
for by relating the incorporation in the two portions of the 
forebrain roof to that in the forebrain base and midbrain, 
there remained only one significant correlation, namely 
between the incorporation in the anterior forebrain roof 
and the bird's preference for the familiar as opposed to a
novel stimulus.
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Given the wealth of evidence, both anecdotal and 
much more rarely solidly based on experimental data, on the 
lasting effect of early experience, the question naturally 
arises as to why such experience has a lasting influence on 
the brain. The most simple explanation is the most obvious. 
Early in independent life most information impinging on 
the nervous system is new, and the young nervous system 
is probably primed to rapidly learn the basic behavioural 
responses which ensure subsequent survival. By necessity 
this must cover a very wide range of attributes from what 
the animal can actually see to sexual orientation. But it 
is very difficult to be specific as to the underlying 
mechanism.
3. Memory Formation.
The aim of the overall research project of which 
this thesis forms a part, is to investigate the behavioural, 
biochemical and physiological correlates of experiential 
events including memory formation, both in mature birds, 
and in paradigms such as the imprinting situation using 
younger birds.
One way of attempting to sort out long-term 
correlates of early memory formation is to make use of the 
metabolic inhibitors that have repeatedly been found to 
block long-term memory formation in older animals (Gibbs 
and Mark 19 7 3) . In this way it is possible to expose the 
bird to the stimulus and therefore to some of the irrelevant 
correlates while eliminating some of the specific correlates. 
Since imprinting is most usefully regarded as very strong 
learning at a particular stage of development, it would
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seem quite appropriate to use memory blocking drugs to 
disrupt it. In fact Bateson and Hambley (unpublished data) 
have effectively done this,using cycloheximide to block 
imprinting.
The classes of antibiotics that have been used 
extensively in long-term memory studies can be divided 
into two broad categories.
1. Those that inhibit RNA synthesis from a 
DNA template and
2. Those that inhibit protein synthesis.
A great many variables are involved in experiments
of this type - some of the major ones include:
a) antibotic used
b) dosage
c) site of injection
d) animal species
e) type of learning task and retention test
f) the extent of original training
g) the temporal relationship between training and 
antibiotic injection
h) the time interval between antibiotic injection 
and the retention test
i) the interval between training and retention test
and no attempt will be made to review them in detail.
Drugs affecting RNA synthesis and memory formation. 
1. 8 - azaguanine is incorporated into RNA molecule
thereby producing an abnormally-functioning structural
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analogue of RNA (Dingman and Sporn 1961, Chamberlain, 
Rothschild and Gerard 1963).
2. Actinomycin D blocks transcription by binding guanine 
nucleotides on the DNA so that RNA synthesis ceases 
(Goldberg et al 1962; Reich et al 1962).
Azaguanine has not been investigated enough to 
warrant any conclusions as to its effect on memory, and 
experiments using actinomycin D are not sufficiently 
consistent to provide a conclusion.
Drugs affecting protein synthesis and memory formation.
1. Puromycin structurally resembles the amino-acyl 
terminal of transfer RNA. The drug is presumed to act by 
mimicking the naturally occurring charged transfer RNA. 
Puromycin becomes incorporated into the carboxyl ends of 
the growing polyptide chains causing their premature release 
from the ribosome as peptidyl-puromycin (Allen and Zamecnik, 
1962; Nathans 1964).
Puromycin in sufficient doses consistently 
produces retention deficits when injected intracranially 
after learning, whether immediately after or 24 hours after. 
Its effect on retention in the mouse of shock-motivated 
position discrimination in a y-maze is well established 
(Barraco and Stettner, 1976). Both peripheral and 
intracranial routes of injection have been found to be 
effective.
Many problems beset the use of protein synthesis 
inhibitors - the worst being that some of the drugs have
other actions besides the one for which they are being
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used. All have a wide range of secondary concomitants of 
their initial effect. For example, puromycin has more 
effects than simply blocking protein synthesis. It often 
produces seizures (Barondes and Cohen 1966), causes 
mitochondrial and cytomenbrane swelling (Gambetti, Gonatas 
and Flexner 1968a) and also has been found to reduce the 
rate of respiration in guinea pig cerebral cortex (Jones 
and Banks 1969). In nerves it has an effect on conduction, 
reduces the spike amplitude of electrical activity in the 
spinal cord of fish (Bondeson et al 1967) and causes a 
reversible decrease in spike potential and positive after 
potential amplitudes of rabbit vagus nerve in vitro (Dahl 
1969). Puromycin is thus not a suitable drug to use in 
studying the effects of cerebral protein synthesis 
inhibition on memory formation, let alone for work on 
early experience. These side-effects have been attributed 
by some workers to the release of abnormal peptides and 
could be the cause of amnesia.
2. Cycloheximide and Acetoxycloheximide produce their 
effect by inhibiting the transfer of amino acids from 
transfer RNA to polypeptide and prevent the subsequent 
release of the polypeptide from the polysomes without 
apparently damaging the ribosomes (Ennis and Lubin 1964). 
Therefore there is no abortive release of abnormal 
peptides into the cell.
Cycloheximide seems preferable to puromycin 
because of its more specific action in inhibiting cytoplasmic 
ribosomal protein synthesis, and because it does not produce
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abnormal peptides. Cycloheximide does not produce any change 
in the electrical records from mouse brain (Cohen, Ervin and 
Barondes 1966), or cause abnormal membrane swelling (Gambetti, 
Gonatas and Flexner 1968b), nor does it affect the spike 
potential amplitude in vagus nerve (Dahl 1969) or the 
respiratory rate of cortical slices (Jones and Banks 1969).
During the first week of life in the laboratory 
home cage the young chick learns all sorts of behaviour 
patterns such as feeding and drinking and as well learns 
about many aspects of its environment. We therefore 
decided to use cycloheximide to interfere with events of 
a general kind occurring early in the development of the 
chick brain, and more specifically the chick visual system, 
to see what long-term behavioural consequences ensued.
This is a necessary preliminary to more specific studies 
of the effect of cycloheximide on the long-term consequences 
of inhibition of early memory formation, using a very 
specific imprinting stimulus, but it in fact led to marked 
long-term behavioural changes in the birds.
It must be remembered however that it is extremely 
difficult to tease apart the effects of learning from those 
of maturation, especially in experiments using metabolic 
inhibitors since protein synthesis and experience are crucial 
to both. Rose (1977) reports that rats reared in the dark 
show morphological and biochemical changes in their visual 
pathways when compared to normally-reared animals. Light 
exposure after 50 days, results in elevated incorporation 
into protein in the visual cortex, lateral geniculate and 
retina - much of the visual cortex elevation being a
rapidly labelling, rapidly transported neuronal particulate 
protein. It seems likely that these changes are general 
responses to light, rather than correlates of a particular 
memory.
Cell division, differentiation, myelination 
synapse formation and the hypothesized repression and 
facilitation of synaptic transmission (Mark 1974) which 
are all part of maturation are probably partially dependent 
on experience, just as is the facilitation of synaptic 
transmission which has been postulated to underlie learning. 
There is no reason to believe that there is a discontinuity 
between those physiological, biochemical and morphological 
events in the brain which underlie experience, whether it 
is manifested as maturation at one end of the continuum, or 
learning at the other. Processes underlying learning in 
this context could be seen as an extension into adult life 
of some of the mechanisms that are responsible for the 
embryological development of the brain. The explanation 
of how the nervous system comes to be organized during 
embryological development in the first place and how it 
becomes reorganized as a result of experience during life 
might turn out to be in general terms the same.
With this in mind, the use of metabolic inhibitors 
on protein synthesis for blocking learning early in life 
must be carefully interpreted. It is very difficult to 
determine whether protein synthesis is crucial to learning, 
maturation or even a feature of the organism's behaviour 
which is a precondition for learning - such as an alteration 
in the type or amount of sensory input or arousal level.
2 4 .
These qualifications in mind, cycloheximide does 
have an effect on young chickens, the behavioural 
manifestations of which are different from the well-documented 
effect on long term memory formation. Cycloheximide injected 
bilaterally into the chicken forebrain during the first week 
of life makes the chick a slow learner in adult life (Rogers, 
Drennen and Mark 1974). Furthermore the effect of the drug 
in making the chick a slow learner on visual discrimination, 
visual habituation and auditory habituation tasks, is 
dependent on the chick receiving visual or auditory stimuli 
while the drug is acting. It also has wider consequences 
on social behaviour, treated birds being found at the bottom 
of the peck order (Rogers, Drennen and Mark 1974). These 
initial findings subsequently led to an investigation of the 
time course of susceptibility to the drug and the crucial 
role that concurrent early experience has in producing it 
(Drennen 1973).
For this thesis it does not in fact matter if 
cycloheximide's physiological effect is on general maturation, 
or specific blockage of early memories; this problem is for 
the biochemists, physiologists and ethologists using a 
specific imprinting stimulus. For what is to follow is a 
systematic study of the effects of controlled visual experience 
on chickens under the influence of cycloheximide on their 
subsequent ability to learn.
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1. Animals and Housing conditions.
Two strains of chickens have been used in 
the experimental work of this thesis. They were 
white leghorn X black australorp cockerels obtained 
from the Clarinda Poultry Farm, Clayton, Victoria, 
and the Warren sex-linked strain used in Sussex University, 
England. Chickens were always obtained on day 2 of 
life + 12 h and were immediately housed in groups of 4 
to 6 to ensure that all chicks learnt to eat and drink.
On the third day after hatching they were individually 
housed at random in 23 x 23 x 29 cm cages which were 
arranged in rows along shelves. The cages had metal 
sides 29 cm high with a clear perspex front. Constant 
light and warmth were provided by overhead lamps (27°C) 
and food and water were always available. Chicks always 
peeped on being isolated, sometimes for up to 36 hours.
At 9.30 a.m. daily, the chicks cages were 
cleaned; a clean paper towel floor which had approximately 
100 g of chick starter crumbs heaped on to it was placed 
under the cage and fresh water was given at this time 
in a dispenser attached to the side of the cage. Food 
and water were constantly available from these two sources.
2. Drugs and Injection.
Cycloheximide (CXM), dissolved in 0.9% NaCl 
was administered by two means. In most cases 20 >ag 
cycloheximide (CXM) dissolved in 25 >il 0.9% saline
was injecLed freehand into the central part of both hemispheres 
of the chick forebrain on day 2 of life. Controls were 
injected with 25 yil of 0.9% saline only. To prevent 
more than a 3 mm penetration, a plastic stop was fitted 
to the 25 gauge needle of the 0.25 cc syringe used for 
injection.
For some experiments groups of chickens were 
injected with 20 ug cycloheximide (CXM) into the left 
hemisphere only, with an equivalent volume of saline 
in the right, or cycloheximide (CXM) in the right hemisphere 
and saline in the left hemisphere. The same method 
of freehand injection was used as for bilateral treatment.
Different doses of cycloheximide (CXM) in 
different volumes of saline were also injected bilaterally 
in some experiments. The doses and volumes per hemisphere 
were
5, 10, 15, 20 ug CXM in 2.5 pil saline
5, 10, 15, 20 ug CXM in 5.0 yil saline
10, 20 ug CXM in 10.0 p.1 saline
10, 20 ug CXM in 15.0 pil saline
10, 15, 20 , 25> ug CXM in 25.0 saline
Cycloheximide was supplied by the Upjohn Co.,
Mich., U.S.A.
3. Exposure to controlled visual inputs.
In order to control visual input after injection 
of cycloheximide, birds were placed in white perspex spheres, 
38 cm in diameter. (Fig. 1) After injection the 
chick was introduced into the sphere through a tunnel in
FIGURE 1. - illustrates the perspex sphere 
used to expose chicks to controlled visual inputs. 
After injection on day 2 after hatching the chick 
was introduced into the sphere through the tunnel 
in the side. The sphere was then closed over and 
the chick was held for 3 h. A collar attached 
to the end of the cylinder held the bird's head 
at a distance of 19 cm from the pattern.
Consequently the bird could not see itself, only 
the pattern presented in front of it. A constant 
check was made to ensure that each bird did not 
go to sleep during the time of exposure. Most 
often they peeped throughout the 3 h. If they 
were found to be asleep they were awakened by a 
loud auditory stimulus. Invariably this induced them 
to peep. After 3 h, the chick was returned to the 
home cage and reared in isolation without further 
treatment until day 9, when it was tested on the 
pebble floor.
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the side. The sphere was then closed over and the 
chick remained there for 3 hours. A collar attached to 
the end of the tunnel held the bird's head at a distance 
of 19 cm from the pattern. Consequently the bird 
could not see itself, only the pattern presented in 
front of it. Each pattern made of 2^ cm width black 
insulation tape was stuck to the inside surface of the 
sphere. The patterns presented were:
Patternless white sphere
4 black intersecting lines 
each 45 cm long
29.
2 black intersecting lines 
each 45 cm long
4 non-intersecting lines 
each 40 cm long
5 cm cross
17.5 cm cross
30.
• • •
A random spot pattern. The 
size of each spot was calculated 
to subtend roughly the same 
angle at the retina as a grain 
would when the bird is about to 
peck
A single spot placed in the 
centre of the visual field
Four black spots placed in the 
centre of the visual field, 
each separated by 5 cm
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Four black spots placed in the 
peripheral visual field each 
separated by 30 cm
Four 5 cm crosses placed in the 
peripheral field
Three 45 cm non-intersecting 
horizontal parallel lines
Three 5 cm non-intersecting 
horizontal parallel lines
4. Learning tasks.
1) Visual discrimination.
Chickens can quickly learn to select grains 
from a background of pebbles. This behavioural modification 
is the basis of the visual discrimination task (Rogers 1971) 
used which requires visual search for grains of chick mash 
scattered randomly over a background of small pebbles 
stuck down to a perspex floor. After 3 h food deprivation 
on day 9, the pebble floor was placed in the home cage 
and choices made on each of the first 60 pecks were 
scored by eye, using a manual keyboard attached to an 
Esterline-Angus event recorder. Repeated sequential 
pecks at a given pebble or grain mash were counted as 
one peck only. Pebbles differed from grains in texture 
and brightness primarily, not in ranges of size or shape.
When a chicken is placed on the pebble floor 
(Fig. 2) after 3 h food deprivation a great range of 
behavioural responses can be initially seen. The time 
taken to make the first peck at either a pebble or grain 
ranges from 3 sec - 5h minutes. During this time the 
experimenter can expect to see any number of the following:
i) the bird jumps at the sides or front of 
the cage
ii) the bird crouches, fixates the experimenter
iii) or goes to sleep
iv) the bird stands peeping
FIGURE 2. - illustrates the young chick pecking
on the pebble floor. This learning task requires 
visual search for grains of chick mash which are 
scattered randomly over a background of small 
pebbles stuck down to a perspex floor. Pebbles 
differ from grains in texture and brightness 
primarily, not in ranges of size or shape.
Choices made on each of the first 60 pecks are 
scored after 3 h of food deprivation. Repeated 
sequential pecks at a given pebble or grain are 
counted as one_peck only.

v) the bird scratches at the pebbles and
food on the floor (which usually precedes 
a run of pecking)
iv) the bird stands silently, attending to 
the noise of the pen recorder 
or vii) the bird starts to peck at either pebbles 
or grain
We have found that over 80% of the first 
pecks made on the floor were at pebbles. By the last 
20 pecks, untreated birds avoided pebbles almost completely. 
Sixty pecks usually took no longer than 10 minutes.
Learning, was not influenced by pecking rate. The order 
of testing was always randomised and the tester did not 
know whether the birds had been treated or not. Learning 
curves were determined by grouping the total 60 pecks 
into groups of 20 and plotting the number of errors 
in each group.
2) Visual Habituation.
The effect of cycloheximide (CXM) on a 
chicken's reaction to an unfamiliar visual stimulus 
was studied by scoring habituation of the orientation 
response.
When young chcikens are presented with an 
unfamiliar stimulus - a torch battery for example -- 
they tend to cease on-going behaviour and fixate the
Stimulus. When the object was introduced the birds 
ceased to show typical on-going home cage behaviour, 
which usually included moving around the cage, scratching 
to peck at food, drinking, jumping at the walls of the 
cage, sleeping and or peeping.
The end of each period of fixation was clearly 
marked by calling and moving, either in an attempt to 
escape from the stimulus by jumping at the walls of the 
cage, or to scratch and peck at food. The period of 
silent fixation was scored after each presentation 
(Rogers 1971) .
The torch battery was presented 5 times at 
5 minute intervals. After 5 presentations, a brightly 
coloured cylindrical jar was presented to elicit a 
return of the orientation response, to confirm that 
specific habituation requiring learning of the 
characteristics of the stimulus had indeed occurred.
With increasing presentations of the stimulus, 
saline-treated chickens ceased to respond and continued 
with ongoing behaviour which could include the bird 
attempting to escape from the stimulus by jumping at the 
walls of the cage, or moving to scratch and peck at food. 
If there was a significant (p .05) drop using a 
1-tailed Wilcoxon test in the fixation time between the 
first and fourth presentations^ habituation was considered
to have occurred.
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3) Auditory Habituation.
Isolated chickens also exhibit a marked startle 
response to a loud bang produced by hitting two pieces 
of wood together. But after repeated presentations of 
this stimulus, if no reinforcement follows, they cease 
to respond.
The auditory stimulus, was presented at 30 sec 
intervals to birds isolated in the home cage on day 9.
The birds were deprived of food for 3 h. They were then 
given food, and were always found to begin eating promptly. 
Once they were settled, (a 2 min interval was allowed), 
the auditory stimuli were presented. The sound was 
presented every 30 seconds until there was no orientation 
on three successive presentations.
Cycloheximide and saline-treated birds were 
always found to differ in their number of orientations to 
the stimulus. The first loud bang, was always found to 
elicit a startle response for both groups. This was 
characterized by the marked interruption to ongoing behaviour 
(which usually included feeding, drinking or sleeping) that 
it produced. The number of trials taken to cease responding 
to the stimulus was compared for treated and control birds 
and was used as the index of learning.
5. Criteria for Learning.
Unless otherwise stated, a Mann-Whitney U test 
was used for comparing control and experimental animals, 
and a Wilcoxon matched-pairs signed
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rank test was used when comparing data from the same 
group of animals.
a) Visual discrimination.
Performance on the pebble floor after 3 h 
food deprivation was followed, for no more than 60 pecks 
and no longer than 10 minutes. Pecking curves are 
determined by dividing the total 60 pecks into 3 blocks 
of 20 and recording the number of pecks at pebbles in 
each block.
Two possible criteria of learning could be 
applied to the data. Firstly, if there is a significant 
reduction in the number of errors scored when comparing 
the first block of 20 pecks to the last block of 20 pecks 
(using a 1-tailed Wilcoxon test, p .05), learning could 
be said to have occurred. This applied for saline-treated 
and untreated birds where learning can only be measured 
by a fall in the curve, or a decrease in the number of 
errors made. Within 60 pecks saline-treated controls 
and untreated birds learn to discriminate grains from 
pebbles. The score in the last 20 pecks thus gives a 
measure against which to compare all cycloheximide-treated 
birds and so gives the second criterion of learning. If 
the number of errors in the last 20 pecks scored by the 
experimental group is not significantly different from the 
number of errors in the last 20 pecks scored by the control 
group for that batch (using 2-tailed Mann-Whitney U test p 
0.05) learning could also be said to have occurred. When 
comparing the performance of treated and control animals
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the last 20 pecks is the point where the most reliable 
difference is found between experimental and control birds.
b) Visual Habituation.
In control birds the orientation response, 
scored as the time spent silently fixating the novel 
visual stimulus shortened significantly over the first 
four presentations, but returned when a new stimulus 
was presented. This test for learning was not as reliable 
as the pebble floor because each individual did not spend 
the same time fixating the test object during the first 
presentation. All control birds did habituate and 
therefore the variability fell off by the fourth 
presentation.
c) Auditory Habituation.
Control chickens aged 9 days cease to orient 
to the auditory stimulus after 4 - 7  presentations of the 
stimulus. Cycloheximide (CXM) treatment (on day 2) 
markedly delayed habituation of the response which 
persisted for 2 or 3 times as many presentations as for 
saline-treated controls. Habituation to the sound was 
taken as occurring when no orientation was seen on three 
successive presentations.
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In order to establish the lowest amount and 
volume of cycloheximide required to produce the slow 
learning effect, groups of chicks were injected bilaterally 
with various amounts of cycloheximide dissolved in 
various volumes of 0.9% NaCl solution. Controls received 
the same volume of saline. All injections were made 
on day 2. The following doses per hemisphere were given:- 
2.5, 10, 15, 20 pg CXM in 2.5 pi saline
5, 10, 15, 20 pg CXM in 5.0 pi saline
10, 20 pg CXM in 10.0 pi saline
10, 20 pg CXM in 15.0 pi saline
10, 15, 20, 25 pg CXM in 25.0 pi saline 
Each combination of volume and amount was 
administered to a group of 8 birds. After injection all 
birds were reared individually without further treatment 
until day 9 when they were all tested on the pebble floor. 
Two people scored each birds performance to verify the 
accuracy of the scoring technique, which was within + 5%. 
The slight variability can be accounted for by the fact 
that it was not possible for both testers (myself and 
J. Anson) to view the entire pebble floor at the same 
time.
For all saline-treated birds, learning was 
rapid, taking no more than 50 to 60 pecks and no longer 
than 5 minutes. By the last 20 pecks (41 - 60) saline- 
treated chicks avoided pebbles almost completely, (mean 
pecks at pebbles 3.2 + 0.9)
However those birds given bilateral injections
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of 20 jig CXM/25 jil saline and 25 jag CXM/25 jil saline 
on day 2 were slow learners, as expected (Drennen 1973). 
The performance of these birds was significantly 
different from saline controls when tested on the pebble 
floor on day 9 (p . 002 2 tailed U test) . But chickens 
given lower volumes and/or amounts of cycloheximide were 
not significantly different from saline controls when 
tested binocularly on the pebble floor on day 9. That 
is, bilateral injection of -
2.5, 10, 15, 20 pg CXM in 2.5 pi saline
5, 10, 15, 20 CXM in 5 jil saline
10, 20 ng CXM in 10 jil saline
10, 15, >ig CXM in 15 jal saline
was ineffective in producing the slow learning effect.
The results on the pebble floor of birds given 
10 jjg cycloheximide in 2.5 jil saline and 5 and 10 _jig 
cycloheximide in 5 jal saline were more variable than for 
all other doses however. Some birds appeared to be slow 
learners while others were not. For these birds pecking 
was observed to occur in runs on pebbles or grains. Once 
pecking was begun on one stimulus type (either pebbles 
or grain) each chick would continue to peck the same 
stimulus type for some time before switching to the other. 
This phenomenon was not shown by slow learning chickens 
which continually alternated their pattern of pecking 
(mean run length for birds injected with 20 jag / 25 ji 1 
was 2.0).
Birds treated with doses of -
5, 10, jig CXM in 5 jil saline and
41.
10 jig CXM in 2.5 yil saline
showed increased run length and increased variability 
on learning performance on the pebble floor. At low 
doses cycloheximide has thus another effect - that of 
altering food searching patterns (Fig. 3).
The dose of cycloheximide chosen for all 
subsequent experiments in this thesis was thus 20 ug 
cycloheximide in 25 ul saline since this dose is the 
lowest dose with the maximum effect in producing slow 
learning. For bilateral treatment this dose was injected 
into each side of the forebrain and for unilateral 
treatment it was injected into either the left or right 
hemisphere and an equivalent volume of saline was injected 
into the opposite side.
FIGURE 3. - illustrates mean run length changes
on pebbles in the first 20 pecks on the pebble 
floor, with altered amounts and volumes of 
cycioheximide. The performance of birds given 
10 pg cycioheximide in 2.5 pi saline and 5 
and 10 pg cycioheximide in 5 pi saline was 
more variable than for all other doses. For 
these birds pecking was observed to occur in runs 
on pebbles or grains. Once pecking was begun on 
one stimulus type each chick would continue to 
peck the same stimulus type for sometime before 
switching to the other. This phenomenon was not 
shown by slow learning chickens which continually 
alternated their pattern of pecking.
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CHAPTER 4
MANIPULATIONS OF EARLY EXPERIENCE AFTER TREATMENT 
WITH CYCLOHEXIMIDE.
1. a) Effect of cycloheximide on performance on the
pebble floor
b) Effect of cycloheximide on visual habituation.
c) Effect of cycloheximide on auditory habituation.
2. Exposure to the dark.
3. Varying times of experience in the home cage.
4. Anaesthesia.
5. Anaesthesia with eyes held open.
6. Exposure to patternless white environment.
7. Exposure to straight lines and spots.
8. Discussion.
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1. (a) Effect of cycloheximide on performance on the
pebble floor.
Fig. 4 illustrates the typical learning performance 
of both treated and control birds on the pebble floor 
discrimination task. The first 60 pecks on the pebble floor 
have been grouped into 3 groups of 20 and the number of 
errors scored in each group recorded. After 40-60 pecks 
saline-treated chicks preferentially peck grain rather than 
pebbles, while birds treated with cycloheximide do not.
(p <0.002 2-tailed Mann-Whitney U test for difference between 
treated and control birds). If cycloheximide-treated birds 
can be encouraged to continue pecking to more than 100 pecks, 
some will eventually learn (Rogers et al 1974). All data to 
be subsequently presented will be the score in the last 20 
pecks of the task. The same effect of either saline or 
cycloheximide treatment was shown for both white leghorn X 
black australorp cockerels and Warren-sex linked strains of 
chickens.
Age dependence of cycloheximide1s effect on visual 
discrimination.
The effect of cycloheximide on learning has been 
shown to vary with age by injecting 20 yg into each hemisphere 
at one of the following times after hatching lh, 6h, day 2, 3, 
4, 5, 8, 9, 10, 11, or 13. No further manipulation was given 
until day 14 when all chicks were trained on the pebble floor. 
The results are illustrated in (Fig. 5) where the number of 
errors in the last 20 pecks is plotted against the age of 
injection for each group. All controls learnt to discriminate 
to a mean criterion of three errors in the last 20 pecks.
FIGURE 4. - The typical learning performance
of both treated and control birds on the pebble 
floor. The first 60 pecks on the pebble floor 
have been grouped into 3 groups of 20 and the 
number of errors scored in each group recorded. 
After 40 - 60 pecks saline-treated chicks 
preferentially peck grain rather than pebbles, 
while birds treated with cycloheximide do 
not. (p 0.002 2-tailed Mann-Whitney
U test for difference between treated and
control birds).
Effect of CXM on visual 
d iscriminative learning
o CXM
°  Saline
21-40
PECK NUMBER
41-60
FIGURE 5. - demonstrates the critical period for 
the effect of bilateral injection of 
cycloheximide on visual discrimination. The 
number of errors in the last 20 pecks of the 
task is plotted against the age of injection 
for each group. The performance of chicks 
treated with cycloheximide on days 2, 3 and 5 
is significantly different from controls 
( p 0.001 1-tailed U test) (from Rogers, 
Drennen and Mark 1974). Bilateral treatment 
on days 8, 9, 10, 11 or 13 no longer produces a 
significant difference from controls
Neither does retardation 
result from treatment at 1 h and 6 h after 
hatching. The critical period for bilateral 
injection thus falls between days 2 and 8.
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Those treated with cycloheximide on day 2, 3 and 5 
performed significantly differently from controls (p 
0.002 2-tailed U test, for difference between control 
and treated chicks in last 20 pecks). Treatment on day 
8, 9, 10, 11, or day 13 no longer produced a significant 
difference from controls. Neither did retardation result 
from treatment at lh and 6h after hatching. The sensitive 
period thus falls between days 2 and 8.
No deaths resulted from administration of the
0. 04 mg dose of cycloheximide to chicks aged 2 days or 
more. It was more lethal to younger chicks; 10% died 
when injected 6h after hatching, 40% died when injected 
lh after hatching and all chickens died when injected 
with the same dose while in the egg 24-48h before 
hatching (Drennen 1973).
1. (b) Effect of cycloheximide on visual habituation.
Cycloheximide-treated birds showed no habituation 
in 4 presentations of a novel visual stimulus (0.002<Cp^ > 
0.02, 2-tailed U test between control and treated chicks 
on presentation 4). The orientation response returned 
fully in the habituated controls when a new visual stimulus 
was presented at presentation 5.
Sensitive period for visual habituation.
Rogers, Drennen and Mark (1974) showed that the sensitive
period for visual habituation falls between days 2
and day 5 or 6. It has the same onset time as that for
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visual learning on the pebble floorr though it peaks 
a day later and finishes 2 or 3 days earlier (Fig. 6) .
1. (c) Effect of cycloheximide on auditory habituation.
Saline-treated chicks aged 9 days cease to 
orient to the auditory stimulus after 4-7 presentations. 
Cycloheximide treatment (on day 2) markedly delayed 
habituation of the response which persisted for 2 to 
3 times as many presentations when tested on day 9.
Auditory sensitive period.
Auditory habituation scored on day 9 was impaired 
in those chicks injected at lh, 6h and on day 2, but not 
at any age older than day 2. (Fig. 7).
Injection at 6h appears to cause more effect 
than injection at lh (p = 0.074 , 2-tailed U test for 
difference). The sensitive period for auditory learning 
is occurring at lh and 2 days and therefore precedes 
that for visual learning.
Therefore treatment at 1 or 6h has an effect 
on subsequent auditory learning but not visual learning 
while treatment between days 2 , 3, 5 has an effect on 
subsequent visual learning but not auditory learning.
2. Exposure to the dark.
Immediately after intracranial injection of 
40 jug cycloheximide, eight 2 day old chicks were 
isolated in dark polystyrene boxes or under opaque
FIGURE 6. - demonstrates the critical period for 
retarded visual habituation (from Rogers, Drennen 
and Mark 1974). The seconds spent fixating the 
stimulus on the fourth presentation when tested 
on day 9 or day 12, is plotted against age of 
injection. No habituation occurred in those 
chicks injected on days 2 and 3 (0.001 p
0.02 1-tailed U test between treated and 
control chicks). Some of those injected on 
day 5 still seemed to be retarded although 
scores for the group were not significantly 
different from controls. Injection at all 
other times had no effect. The sensitive 
period for visual habituation thus falls 
between day 2 and day 5 or 6. It has 
the same onset time, as for visual learning 
on the pebble floor^ but finishes 2 or 3
days earlier.
40
30
20
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0
Time course for visual hab i tua t ion
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FIGURE 7. - illustrates the critical period
for retarded auditory habituation (from Rogers, 
Drennen and Mark 1974). The number of trials 
taken to habituate to an auditory stimulus is 
plotted against age of injection. Auditory 
habituation scored on day 9 was impaired in those 
chicks injected at 1 h, 6 h and on day 2, but 
not at any age older than day 2. Injection at 
6 h appears to cause more auditory retardation 
than injection at 1 h ( p = 0.037, 1-tailed 
U test for difference). The sensitive period 
for auditory learning thus lasts between 1 h and 
2 days and therefore precedes that for visual 
learning.
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buckets for 48 h. Visual discrimination learning 
was subsequently tested on day 9. Six groups of eight 
chicks were also housed individually in the dark for 
hr h, 3/4, 1, 2, and 3h h periods.
Fig. ( 8 ) shows that complete protection 
from the effect of cycloheximide is achieved by holding 
2 day old chicks in the dark after injection for 2, 3h 
and 48 h periods (Drennen 1973).
The dependence of protection on length of 
time of dark-rearing is illustrated in the same figure 
where errors in the last 20 pecks are plotted against 
time in darkness. The performance of birds reared at 
reduced perceptual input for 2, 3% and 48 h following 
injection was not significantly different from normally 
reared saline-controls; that is the chickens were 
protected from cycloheximide's effect.
However chickens held for %, % and 3/4 h 
periods were not protected from the drug's effect 
(0.Ol) p<0.001 1 tailed U test), 1 h of dark rearing 
protected some birds but not others.
Modality specificity of protection.
1. Visual protection without auditory protection.
Chicks treated with 40 pg cycloheximide on day 2 
and immediately put under dark buckets, at reduced visual 
input but normal auditory input, (in a room with other 
cheeping chicks), for 2, 3, 5 or 48 h immediately after 
injection learned at rates on the pebble floor that were 
indistinguishable from saline controls.
FIGURE 3.
The time course for protection from 
cycloheximide's effect on visual learning on the 
pebble floor was determined by holding chicks in the 
dark for various times immediately after injection 
on day 2. The number of errors in the last 20 pecks 
on the pebble floor is plotted against time in 
darkness. The saline baseline ± standard error is 
dotted in. Protection is complete between 2 and 3.5h. 
After lh in darkness some are protected and others 
are not (from Drennen 1973).
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But Lhese birds which were visually protected were 
still slow in auditory learning. In table (la) chicks 
held under the buckets for 3.5h learnt at the same 
rates as controls on the visual discrimination task, 
but were significantly slower than controls on the 
auditory task. (Rogers, Drennen and Mark 1974)
2. Auditory protection without visual protection.
Holding chicks injected on day 2 in an 
environment with reduced auditory input, but usual 
visual input, for 2.5h immediately after injection, 
achieved protection from cycloheximide's effect on 
the auditory learning task but not on the visual 
discrimination task. In table (lb)/ the birds 
protected in the auditory modality, were slow learners 
on the pebble floor, but habituated to the auditory 
stimulus as rapidly as did controls. (Rogers, Drennen 
and Mark 1974)
3. Varying times of experience in the home cage.
Protection from cycloheximide's effect is 
dependent on the length of time birds are kept in the 
dark after injection - 3 hours in darkness being 
sufficient time to confer protection from the effect. 
Given this, it was thought that alterations in the 
time of home cage experience after injection would 
also show a graded effect on pebble floor behaviour.
TABLE 1. a) PROTECTION IN VISUAL, BUT NOT AUDITORY
MODALITY.
Cycloheximide-treated birds protected by 
3.5 h in the dark made the same small number of errors 
as did saline-treated birds in the last 20 pecks on 
the pebble floor. On the auditory habituation task 
visually protected cycloheximide-treated birds were 
slower than controls injected with saline (p 0.01, 
1-tailed Mann-Whitney U-test). Cycloheximide-treated 
chicks not given protection differ significantly from 
saline-treated chicks on both tasks (p <(. 0.001 for 
vision, p= 0.01 for audition) (from Rogers, Mark and 
Drennen 1974).
TABLE 1. b) PROTECTION IN AUDITORY, BUT NOT VISUAL 
MODALITY.
Cycloheximide-treated birds kept in acoustic 
isolation for 2.5 h habituated to the auditory stimulus 
as rapidly as saline-treated controls but they were 
retarded on the pebble floor task (p < 0.001 for the 
difference between control and treated birds for the 
number of errors in the last 20 pecks). Cycloheximide- 
treated chicks not given protection differ significantly 
from saline-treated chicks on both tasks (p 0.001 
for vision, p = 0.01 for audition) (from Rogers, Drennen
and Mark 197 4) .
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So after injection of cycloheximide on day 2,
48 birds from six batches were exposed to the normal 
home cage environment for varying periods, before being 
placed in darkness for three hours. Both cycloheximide 
and saline-treated controls were placed in the home 
cage in groups of 4, for periods ranging from h to 3^h.
They were then placed in pairs under upturned opaque 
buckets for 3h - (a length of time known to be sufficient 
to confer protection from the effect of cycloheximide 
on visual learning, if the bird is placed in darkness 
immediately after treatment, Rogers, Drennen and Mark 1974). 
All birds were subsequently reared in the home cage until 
day 9 when they were tested on the visual discrimination 
task.
Fig. 9 shows that chickens exposed to input 
in the home cage for varying periods before being placed 
in darkness show corresponding variations in their performance 
on the pebble floor task. Birds held for 3 and 3%h in the 
home cage, after injection on day 2 are subsequently slow 
learners on the pebble floor when tested on day 9. The 
mean score of errors in the last 20 pecks for these two 
groups is significantly different from saline-controls and 
cycloheximide treated birds held in the dark after injection 
for the same period of time.
p < 0.01 1 tailed U test for 3h group
p < 0.001 1 tailed U test for 3^h group
FIGURE 9. - compares the results of birds 
exposed to the normal home cage environment 
for varying periods, before being placed in 
darkness for 3 h (continous line), with the 
results of birds held in the dark for varying 
periods after treatment (dotted line from Fig. 8). The 
mean score of errors in the last 20 pecks of 
the task is plotted against time. Chickens 
exposed to input in the home cage for varying 
periods before being placed in darkness, show 
corresponding variations in their performance 
on the pebble floor. Birds held for 3 and 
3h h in the home cage, after injection on day 
2, are subsequently slow learners (p 0.01 
1-tailed U test 3 h group, p 0.001 1-tailed 
U test 3h h group).
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Birds exposed to home cage type input for 
hr h and lh after cycloheximide injection on day 2, 
before being placed in darkness are in contrast, 
protected from the effect of the drug.
4. Anaesthesia.
Since holding young chicks in the dark protects 
the chicken from the effect of cycloheximide, it seemed 
quite appropriate to decrease the amount of sensory input 
by using anaesthesia.
10 - 15 minutes after giving 0.4 pi of nembutal 
by intraperitoneal injection, eight, 2 day-old chicks 
were given the usual 40 pg dose of cycloheximide by freehand 
injection into each hemisphere of the forebrain. Eight 
controls were similarly injected with saline while under 
nembutal anaesthesia.
Two groups of eight birds anaesthetized with ether 
were also injected with the same dose and volume of 
cycloheximide or saline. Learning on the pebble floor was 
then tested on day 9 for all birds.
Results show (Fig. 10 and 11) that chickens injected 
with cycloheximide while under either ether or nembutal 
anaesthesia on day 2, show normal visual learning performance 
when tested on day 9. The mean score of errors in the last 
20 pecks for these birds, is not significantly different from 
those injected with saline while anaesthetized with either 
ether or nembutal, or from those saline-controls injected
without anaesthesia.
FIGURE 10. - illustrates the effect of injecting 
cycloheximide while birds are under ether 
anaesthesia. Errors scored on the pebble floor, 
are plotted against peck number. Chickens 
injected with cycloheximide while under ether 
anaesthesia, show normal visual learning 
performance when tested on day 9. The mean 
score of errors in the last 20 pecks is not 
significantly different from that of 
saline-controls anaesthetized with ether, or 
from that of saline-controls injected
without anaesthesia.
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FIGURE 11. - illustrates the effect of injecting 
cycloheximide while birds are held under nembutal 
anaesthesia. Errors scored on the pebble floor 
are plotted against peck number. Chickens 
injected with cycloheximide while under nembutal 
anaesthesia show normal visual learning 
performance when tested on day 9. The mean 
score of errors in the last 20 pecks is not 
significantly different from that of saline- 
controls anaesthetized with nembutal, or from 
that of saline-controls injected without
anaesthesia.
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Although the birds remained totally unconscious for 
only h they were still drowsy at 2 h.
5. Anaesthesia with eyes held open.
Since a decrease in sensory input using 
anaesthesia protected chickens from the effect of 
cycloheximide, the next step was to anaesthetize chickens 
but keep their eyes open during the 3 h following 
cycloheximide treatment. The aim of this experiment 
was to see whether light falling on the retina produced 
the slow learning effect. Evoked potentials have been 
recorded in the Wulst of chickens under anaesthesia 
with eyes held open (Wilson 1977).
About 10 minutes after giving 0.4 ul of Saffon 
by intraperitoneal injection, eight 2 day-old chicks were 
given the usual 40 jig dose of cycloheximide by freehand 
injection into each hemisphere of the forebrain. Eight 
controls were similarly injected with saline while under 
Saffon anaesthesia. The eyes were held open by two 
strips of cellulose tape applied to the lower lid of 
each eye. The nictitating membrane was not damaged 
or affected by this procedure. During the 3 h following 
injection and application of the tape to the eyes, the 
chickens were placed in the home cage in groups of four 
where the types of visual stimuli the chick normally 
receives were present. Both experimental and control 
saline birds were also compared with another group of 
eight chickens from the slame batch which were treated
51.
with cycloheximide only and then raised 'normally' in 
the home cage. Learning on the pebble floor was tested 
on day 9 for all birds.
The results of this experiment are shown in 
Fig. 12. Chickens that have been treated with 
cycloheximide while under anaesthesia and have had their 
eyes held open are still protected from the slow learning 
effect. That is, the performance of birds having this 
treatment is not significantly different from birds treated 
similarly but injected with saline. Anaesthetized, 
cycloheximide-treated birds, with eyes held open do perform 
significantly differently however from birds given the 
usual bilateral injection of cycloheximide while conscious.
This suggests that light falling upon the retina 
is not sufficient per se to cause long-term retardation. 
Moreover since responses to visual stimulation are picked 
up in the hyperstriatum of anaesthetized chickens, even 
firing of visual units in the forebrain is not sufficient. 
This probably means that the meaning of stimuli need to be 
processed centrally in order to have an effect.
The following experiments were thus designed to 
investigate the sorts of information that can produce 
subsequent retarded learning.
6. Exposure to patternless white environment.
Immediately after injection of cycloheximide 
on day 2 after hatching groups of eight chickens from five 
different batches were exposed individually to a white 
patternless environment in a perspex sphere 38 cm in
FIGURE 12. - shows that chickens that have been 
treated with cycloheximide while under Saffon 
anaesthesia, and have had their eyes held open, 
are still protected from the slow learning effect. 
The score of errors in the last 20 pecks of the 
task for birds that have had this treatment, is 
not significantly different from that of birds 
treated similarly but injected with saline. It 
is significantly different from the performance 
of birds given the usual bilateral injection of 
cycloheximide while conscious ( p <C 0.002
1-tailed U test).
Effect of anaesthesia with eyes held open
CXM only
Anaesthesia,  Saline, eyes open  
Anaesthesia,  CXM, eyes open
1-20 21-40
PECK NUMBER
41-60
n 8 for each group
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diameter.
After injection the chick was introduced 
into the sphere through a tunnel in the side - the 
sphere was then closed over and the chick remained 
there for 3 h. A collar attached to the end of the 
tunnel held the bird's head at a distance of 19 cm 
from the pattern. Consequently the bird could not see 
itself, only the pattern presented in front of it.
A constant check was made to ensure that the 
birds did not go to sleep during the time of exposure.
Most often they peeped throughout the 3 h. If they 
were found to be asleep they were awakened by a loud 
auditory stimulus. Invariably this induced them to 
peep. After 3 h, the chicks were returned to the home 
cage and reared in isolation without further treatment 
until day 9, when they were tested on the pebble floor.
All birds held in the patternless white 
environment were protected from the effect of cycloheximide 
(Fig. 13). Their performance on the pebble floor was 
not significantly different from normally-reared saline 
controls or saline-treated birds exposed to the same 
nonpatterned environment or cycloheximide-treated birds 
held in the dark.
7. Exposure to straight lines and spots.
After injection on day 2, groups of eight - 
twelve chickens were exposed individually to one of the 
following patterns in the white perspex spheres decribed
FIGURE 13. - shows that birds held in the 
patternless white environment after injection 
on day 2 are protected from the effect of 
cycloheximide. The score of errors in the 
last 20 pecks of the task is not significantly 
different from saline-treated birds exposed 
to the same non-patterned environment.
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above. After 3 h exposure the chicks were returned 
to the home cage, and reared in isolation until day 9, 
when they were tested on the visual discrimination 
task. The visual stimuli displayed on day 2 included
4 black intersecting lines 
each 45 cm long
2 black intersecting lines 
each 45 cm long
4 black non-intersecting lines 
each 40 cm long
54 .
A random spot pattern, the 
size of each spot was calculated 
to subtend roughly the same 
angle at the retina as a grain 
would when the bird is about to
peck
5 5 .
A single spot placed in the 
centre of the visual field
Four black spots placed in the 
centre of the visual field, each 
separated by 5 cm
Four black spots placed in the 
peripheral visual field each 
separated by 30 cm
Four 5 cm crosses placed in the 
peripheral field
56.
3, 45 cm non-intersecting 
horizontal parallel lines
3, 5 cm non-intersecting 
horizontal parallel lines
57.
Birds exposed to five of the patterned stimuli 
were protected from the effect of cycloheximide. The 
patterns which conferred protection included
1) four non-intersecting lines (Fig. 14)
2) four peripheral crosses (Fig. 15)
3) four peripheral spots (Fig. 16)
4) three non-intersecting horizontal parallel 
lines (Fig. 17)
5) three 5 cm non-intersecting horizontal 
parallel lines (Fig. 18)
The score of errors in the last 20 pecks of 
the task for all cycloheximide-treated was not significantly 
different from saline-treated birds exposed to the same 
pattern in each case. That is, by the end of the learning 
trial, all cycloheximide-treated birds exposed to these 
five patterns were able to discriminate grains from pebbles.
In contrast, the results from those chickens 
exposed to all the other patterns showed the typical slow 
learning effect when cycloheximide had been injected.
The mean score of errors in the last 20 pecks 
for birds exposed to the following patterns after having 
been injected with cycloheximide were all significantly 
different from saline-controls.
P 2^ 0.001 1_tailed U test
FIGURE 14. - shows that birds exposed to four 
non-intersecting lines, after cycloheximide 
injection, are protected from the drug's
I
effect. The score of errors in the last 20 
pecks of the task is not significantly 
different from saline-treated birds exposed
to the same pattern.
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FIGURE 15. - shows that birds exposed to four 
peripheral crosses, after cycloheximide injection, 
are protected from the drug's effect. The score 
of errors in the last 20 pecks of the task is not 
significantly different from saline-treated 
controls exposed to the same pattern.

FIGURE 16. - shows that birds exposed to four 
peripheral spots, after cycloheximide injection, 
are protected from the drug's effect. The 
score of errors in the last 20 pecks of the task 
is not significantly different from saline-treated 
birds exposed to the same pattern.
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FIGURE 17. - illustrates that birds exposed to 
three, 45 cm non-intersecting horizontal parallel 
lines, after cycloheximide injection, are 
protected from the drug's effect. The score of 
errors in the last 20 pecks of the task is not 
significantly different from saline-treated 
controls exposed to the same pattern.
21-40
PECK N U M B E R
n = 8 f o r  e a c h  g r o u p
41-60
FIGURE 18. - illustrates that birds exposed to 
three, 5 cm non-intersecting horizontal parallel 
lines, after cycloheximide injection, are 
protected from the drug's effect. The score of 
errors in the last 20 pecks of the task is not 
significantly different from saline-controls 
exposed to the same pattern.
21-20 21-40
PECK NUMBER
= 8 f o r  e a c h  g r o u p
___I
41-60
n
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P <C 0.001 1-tailed U test
0.01 P <C. 0.002 1“tailed U test
0.01 P ^ 0.001 l-tailed U test
P <  0.001 l-tailed U test
P 0.001 l-tailed U test
P 0.001 l-tailed U test
P 0.001 l-tailed U test
FIGURE 19. - illustrates that birds exposed to 
4, 45 cm black intersecting lines, after 
cycloheximide injection, show the typical slow 
learning effect on day 9. The mean score of 
errors in the last 20 pecks of the task for 
these birds is significantly different from 
saline-controls (p 0.001 1-tailed U test).
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FIGURE 20. - illustrates that birds exposed to 2 
black intersecting lines, each 45 cm long, after 
cycloheximide injection, show the typical slow 
learning effect on day 9. The mean score of 
errors in the last 20 pecks of the task for 
these birds is significantly different from 
saline-controls (p 0.001 1-tailed U test).
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FIGURE 21. - illustrates that birds exposed to a 
5 cm black cross, after cycloheximide injection, 
show the typical retardation effect on day 9.
The mean score of errors in the last 20 pecks of 
the task for these birds is significantly 
different from saline-controls (0.01 p 
0.002 1-tailed U test).
Saline
41-6021-40
PECK NUMBER
12 for each group
FIGURE 22. - illustrates that birds exposed to a 
17.5 cm black cross, after cycloheximide injection, 
show the typical retardation effect on day 9. The 
mean score of errors in the last 20 pecks of the 
task for these birds is significantly different 
from saline-controls (0.01 p 0.001 1-tailed
U test).
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FIGURE 23. - illustrates that birds exposed to a 
17.5 cm black cross rotated 90°, after 
cycloheximide injection, show the retardation 
effect on day 9. The mean score of errors in 
the last 20 pecks of the task for these birds is 
significantly different from saline-controls 
(p ^ 0.001 1-tailed U test).
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FIGURE 24. - illustrates that chickens exposed to 
a random spot pattern, after cycloheximide injection, 
show the typical slow learning effect on day 9.
The mean score of errors in the last 20 pecks of 
the task for these birds is significantly different 
from saline-controls (p ^  0.001 1-tailed U test).
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FIGURE 25. - illustrates that chicks exposed to 
a single spot placed in the centre of the visual 
field, after cycloheximide injection, show the 
retardation effect on day 9. The mean score of 
errors in the last 20 pecks of the task for 
these birds is significantly different from 
saline-controls (p 0.001 1-tailed U test).
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FIGURE 26. - illustrates that birds exposed to four 
black spots placed in the centre of the visual field, 
after cycloheximide injection, show the retardation 
effect on day 9. The mean score of errors in the 
last 20 pecks of the task for these birds is 
significantly different from saline-controls 
(p ^ 0.001 1-tailed U test).
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A 2-tailed Wilcoxon matched-pairs signed 
test was also made on all curves to compare scores 
in the first 20 pecks with the last 20 pecks for the 
same group of chicks. Significant differences in 
errors scored between the first 20 pecks and the 
last 20 pecks on the pebble floor were not found 
for birds exposed to the patterns that produced 
retardation.
60.
8. Discussion.
A single intracranial dose of cycloheximide 
which temporarily blocks amino acid incorporation into 
the brain, permanently affects the chicken's ability 
to learn in later life.
The onset of the critical period of greatest 
sensitivity to cycloheximide1s effect as measured by 
subsequent visual learning, falls between the first and 
second days of post-hatched life - the performance of 
birds injected on day 1 is not significantly different 
from saline controls, while injection on day 2 produces 
the maximum effect. Even though cycloheximide is lethal 
when injected 1 h after hatching (40% death rate) and 
marked motor disabilities were initially suffered by the 
surviving chickens, subsequent learning performance was 
not affectedv (B.Sc. Hons thesis). The cessation of this 
critical period occurs on about day 8 of life (Rogers and 
Mark 1973). This time course closely resembles the 
critical period for visual imprinting in chickens and 
ducklings (Jaynes 1957, Gottlieb 1961a),the onset of which 
has been found to occur at about 8 - 12 h after hatching.
Interestingly enough the time during which 
cycloheximide has an affect on subsequent auditory 
learning precedes that for visual learning. Treatment 
6 h after hatching produces the maximum effect on 
subsequent auditory habituation and by day 3, cycloheximide 
injection is no longer effective though it is still 
highly detrimental to the visual system (Drennen 1973).
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During embryological development, the auditory system 
of the chick completes differentiation and assumes a 
functional role far in advance of its visual system.
Since the chick embryo is capable of being acoustically 
imprinted to a low frequency sound between days 13 - 18 
of embryonic development, but cannot be visually imprinted 
until days 18 - 21 Gottlieb (1968) we might well expect 
the auditory sensitive period to begin several days before 
hatching.
The effect of cycloheximide can only come about 
by the interaction of perceptual input and drug action.
To make the chick a slow learner cycloheximide treatment 
must be accompanied by sensory input. Holding the chick 
in the dark for as little as 3 h protects the chick from 
becoming a slow learner in the visual modality. And a 
marked reduction of auditory input protects the chick 
from becoming a slow learner in the auditory modality 
but not the visual modality - demonstrating that 
protection is modality specific.
The permanent effect of cycloheximide must 
be due to a mishandling of the visual and auditory 
information that the young treated brain receives.
Since chickens are protected from the effect of the 
drug by anaesthesia, even when their eyes are held 
open, it would seem that the deficit is somehow due 
to the actual processing of the visual input that is 
received. This probably means that some level of the 
meaning of the stimuli needs to be processed centrally
in order to have an effect.
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Since birds held in the patternless white 
environment after injection were protected from the
effect of cycloheximide it would appear that the 
processing of patternless information is not affected 
in the treated chick either.
A clue to the sort of information that is 
mishandled comes from the results of birds exposed to
1. 4 non intersecting lines
2. 4 peripheral spots
3. 4 peripheral crosses
4 . 3, 5 cm non intersecting parallel lines
5. 3, 45 cm non intersecting parallel lines
These five patterned inputs also resulted in 
protection from the slow learning effect. So it is not 
only the processing of patternless white light that is 
unaffected by cycloheximide treatment, but also the 
processing of patterned information that falls into the 
following categories.
a) spots or crosses in the peripheral visual 
field
and b) non-intersecting lines placed in the 
central or peripheral visual fields 
The only patterned inputs in conjunction 
with cycloheximide treatment that are effective in 
producing the slow learning effect are spots or crosses 
in the central visual field. Birds exposed after 
injection on day 2 to
63 .
were all found to be slow learners on the pebble floor 
when tested on day 9. Patterns containing spots or 
crosses in the central visual field are therefore 
probably processed quite differently in cycloheximide- 
treated birds from saline controls. Cycloheximide treatment 
must either change in some way the train of biochemical 
events which happen after a pattern is "seen" by the 
chicken or alternatively it does not let that train of 
events happen at all.
Two problems underlie the interpretation of 
results. The first is the amount of time each bird 
spends asleep while in the sphere and the second problem 
is the amount of head movemnet that occurs during the 
3 h exposure time.
Constant checks were made on chicks through 
a peephole in each sphere during exposure time and if
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the chick was asleep it was awakened by a loud bang 
which invariably induced it to peep. Most birds 
peeped throughout most of the 3 h. However it is not 
surprising that chicks intermittently fell asleep, since 
they were so young when placed in the spheres. Two day 
old birds spend long periods asleep in the home cage.
The stress associated with being held in a cylinder 
could result either in sleeping or peeping. It has 
been argued that a chick presented with peripheral 
patterns is more likely to go to sleep because it has 
"nothing of interest" to look at, and so is unaffected 
by the drug. The results of birds exposed to the 3, 5 cm 
non-intersecting parallel lines however, tend to counter 
this argument since it indicates that central information 
does not necessarily lead to an effect.
The second problem of head movement also 
complicates to some extent the interpretation of results. 
But because the body is held so rigidly in the tube, it is 
unlikely that the young chick would spend any length of 
time with its head held to the side. It is also unlikely 
by the same token that peripheral patterns lead to 
protection because the chick has no pattern to look at; 
it can turn its head and therefore might avoid sleeping.
To solve these problems, ongoing behaviour, 
including time spent sleeping and moving the head could 
be monitored for each pattern and correlated with 
performance on the visual discrimination task.
A further interesting manipulation would be 
to see how specific the learning defect is to the pebble
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floor task. The use of a discrimination task requiring 
peripheral vision instead of one requiring mainly central 
vision, on birds exposed to peripheral patterns after 
treatment, may well produce a slow learning defect. In 
other words the chick may be affected on a task requiring 
use of one part of the visual field and not on a task 
requiring use of another part of the visual field.
Another possibility well worth investigating 
would be to test exposed birds on an operant conditioning 
schedule in a Skinner Box. The same patterns could be 
used for each learning schedule as were used in the 
exposure period in the spheres.
Given that spots and crosses in the central 
visual field are important to the slow learning effect, 
the most interesting question that arises is just what 
permanent change prevents the bird from making the 
discriminations necessary to pebble floor learning? Are 
we knocking out units involved in the seeing of the parameters 
which are necessary to the seeing of grains or pebbles?
Just how is the processing of information which subsequently 
occurs on the pebble floor affected?
6 6 .
CHAPTER 5 .
EFFECTS OF UNILATERAL INJECTIONS OF CYCLOHEXIHIDE
DURING THE FIRST TWO WEEKS AFTER HATCHING.
1. Introduction.
2a) Effect of unilateral treatment with cycloheximide 
at different ages on visual discrimination, 
b) Effect of unilateral treatment with cycloheximide 
at different ages on auditory habituation.
3. Visual protection from the effect of unilateral 
treatment on days 2 and 10.
4. Comparison of the length of time in the dark needed 
to produce protection in unilateral treated birds 
on days 2 and 10.
5. Discussion.
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1. Introduction.
By injecting cycloheximide into only one 
hemisphere of the forebrain it is possible to change 
the ability to learn on one side of the brain and not 
the other. When chickens are injected unilaterally 
with cycloheximide on day 2 of life and are tested 
binocularly on day 10, their performance on the visual 
discrimination task is dependent on which hemisphere 
is treated with the drug (Anson 1974).
When cycloheximide is injected into the right 
hemisphere on day 2 and the bird is tested binocularly 
on day 10, it shows normal learning on the pebble floor 
discrimination. If the left hemisphere is injected 
on day 2 and the bird is tested binocularly on day 10 
no learning is apparent. So without a normally 
functioning left hemisphere the binocularly tested 
animal is unable to learn the discrimination task. 
Impaired functioning of the right hemisphere is without 
effect under these conditions.
When testing is carried out monocularly it 
is apparent that treatment of the left side (on day 2) 
produces an effect similar in degree to bilateral 
treatment on day 2. If the left hemisphere is tested 
on day 10 then the animal is a retarded learner. If 
the right side is tested no learning is apparent in 
testing, which indicates that the right hemisphere is 
dependent on the left.
However if the right side is treated on day 2, 
and the left is then tested on day 10, normal learning
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occurs and is not significantly different from bilaterally 
treated saline controls. If the right side is tested 
normal learning does not occur. So the left side appears 
to be able to function independently of the right on 
learning performance on the pebble floor, whilfe the 
right side is dependent on the left in some way.
Anson (1974) showed furthermore that auditory 
habituation occurs only in the left side. Treatment of 
the right hemisphere on day 2 is without significant 
effect, while treatment of the left on day 2 affects 
auditory habituation.
These results immediately raised the question 
of whether lateralization of visual learning ability 
could in fact be a function of hemispheric development.
In other words, the question was asked; could there in 
fact be different rates of hemispheric development with 
respect to susceptibility to cycloheximide ? To find 
an answer, cycloheximide was injected into one or other 
forebrain hemisphere at different ages after hatching 
and subsequent learning performance on both visual 
discrimination and auditory habituation were tested.
2.a) Effect of unilateral treatment with cycloheximide 
at different ages on visual discrimination.
Groups of 8 - 16 chickens were injected with 
20 gig cycloheximide into the left hemisphere only of 
the forebrain at one of the following times after 
hatching: 1 h, day 1, 2, 4, 5, 8, 9, 10, 11, 12, 14.
The same method of freehand injection was used as for
69.
bilateral treatment. For birds given unilateral treatment 
of cycloheximide, an equivalent volume of saline (25 pi) 
was injected into the right hemisphere of the chicken 
forebrain. Groups of 8 chickens injected bilaterally 
with saline only at each age served as the control 
baseline.
Groups of chickens from the same batches were 
also injected at one of the above times.i.e. lh day 1,
2, 4, 5, 8, 9, 10, 11, 12, 14,with cycloheximide into 
the right hemisphere and saline in the left hemisphere 
of the forebrain. All birds were tested binocularly on 
the pebble floor. Those injected before day 9 were tested 
on day 9 and those injected after day 9 were tested on 
day 16.
In Fig. 27 the mean number of errors in the 
last 20 pecks of the task, is plotted against age when 
unilateral treatment has been given. The results of the 
three groups -
1) cycloheximide in the left hemisphere and saline in 
the right
2) cycloheximide in the right hemisphere and saline in 
the left
3) saline in both hemispheres,
indicate that there are differences in susceptibility to 
cycloheximide in each forebrain hemisphere during the 
first 12 days of life. The left hemisphere is the one 
most affected by cycloheximide during the first week after 
hatching. Birds injected with cycloheximide into the 
left hemisphere on days 2, 4, 5 and 8 are significantly
FIGURE 27. - shows the effect of unilateral treatment 
with cycloheximide^at different ages on visual 
discrimination. The mean number of errors in the 
last 20 pecks of the task, is plotted against age 
when unilateral treatment has been given. The results 
of the 3 groups -
I) cyclohex.imide in the left hemisphere and saline 
in the right (closed circles)
II) cycloheximide in the right hemispheres and 
saline in the left (open triangles)
III) saline in both hemispheres (closed triangles) 
indicate that there are differences in susceptibility 
to cycloheximide in each forebrain hemisphere during 
the first 12 days of life. The left hemisphere is 
the one most affected by cycloheximide during the 
first week after hatching. Birds injected with 
cycloheximide into the left hemisphere on days 2, 4,
5 and 8 are significantly slower learners than 
controls
p < 0.001 1-tailed U test day 2 
0.01 p 0.001 1-tailed U test day 4 
p <^  0.002 1-tailed U test day 5 
p < 0.001 1-tailed U test day 8
For birds given cycloheximide into the right hemisphere 
alone during the first week, only those injected on 
day 2 are significantly different from saline controls 
(p < 0.01 1-tailed U test). The performance of birds 
treated with cycloheximide in the right hemisphere on 
days 10 and 11, is also significantly different from 
controls (p <C 0.001 1-tailed U test) . Unilateral 
injection of cycloheximide into the left hemisphere 
at these times is in contrast without effect. By 
day 14 there is no longer bilaterality in the brain 
with respect to cycloheximide treatment.
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slower learners on the pebble floor than saline controls 
injected on the same days. The performance of these 
birds corresponds to the effect of bilateral injection at 
these times.
0.001 1-tailed. U test
0.01 )> p <  0.001 1-tailed
U test
P 0.002 1-tailed U test
P 0.001 1-tailed U test
birds given cycloheximide 
left, saline right on day 2 
birds given cycloheximide 
left, saline right on day 4 
birds given cycloheximide 
left, saline right on day 5 
birds given cycloheximide 
left, saline right on day 8
In contrast, for those birds given cycloheximide in the 
right hemisphere and saline in the left hemisphere on days 
2, 4, 5 and 8, only those treated with cycloheximide in the 
right hemisphere on day 2, are significantly different from 
saline controls. The performance of birds treated on days 
4, 5 and 8 is not significantly different from saline 
treated birds.
Unexpected are the results of unilateral injection 
on days 10 and 11. Bilateral injection at these times does 
not result in the cycloheximide slow learning effect (Fig 5. ) 
The performance of birds treated with cycloheximide in the 
right hemisphere at these times is however significantly 
different from saline controls (p ^  0.001 1-tailed U test)
Unilateral injection of cycloheximide into the left 
hemisphere at these times is in contrast without effect.
By day 14 there is no longer bilaterality in the
brain with respect to cycloheximide treatment. As with
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bilateral injection at this time, unilateral injection 
does not result in subsequent slow learning on the pebble 
floor task in either the left or right hemispheres.
2. b) Effect of unilateral treatment with cycloheximide 
at different ages on auditory habituation.
The effect of unilateral treatment with 
cycloheximide on performance on the auditory habituation 
task is shown in Table(2). Birds treated on days 1, 2,
5, 8, 9, 10, 11, 12 and 14 have been tested. Those treated 
on or up to day 8 were tested on day 9, and those treated 
after day 9 were tested on day 14. Controls were given a 
bilateral injection of saline at all above times.
The only significant difference found between 
unilateral treatment into the left or right hemispheres, 
and bilateral treatment of saline,is found on days 1 and
2. The performance of birds given cycloheximide into the 
left hemisphere on days 1 and 2 is significantly different 
from saline controls.
p 0.01 1--tailed U test for day 1
p 0.002 1-tailed U test for day 2
Unilateral treatment of the left hemisphere after day 2 is 
without effect on auditory habituation. Unilateral 
treatment of the right hemisphere with cycloheximide is 
without effect at any time on auditory habituation.
3. Protection from the effect of unilateral treatment 
on days 2 and 10.
Two groups of chickens from 2 batches were given 
unilateral treatment of cycloheximide on either days 2 or
TABLE 2. - shows the effect of cycloheximide 
treatment at different ages on performance of the 
auditory habituation task. The only significant 
difference found between unilateral treatment 
into the left or right hemispheres, and bilateral 
treatment of saline, is found on days 1 and 2.
The performance of birds given cycloheximide 
into the left hemisphere on days 1 and 2 is 
significantly different from saline controls, 
p <C 0.01 1-tailed U test day 1 
p 0.002 1-tailed U test day 2
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10 i.e. at those times when differences in susceptibility 
to cycloheximide in both forebrain hemispheres have been 
found. They were then placed immediately under opaque 
buckets for 3 hours in groups of 4. A control group of 
8 birds treated bilaterally with cycloheximide was also 
placed under buckets and another group of bilaterally 
treated birds placed in the home cage, also served as 
controls.
Fig. 28 shows that protection from the effect 
of unilateral injection of cycloheximide can be conferred 
on days 2 and 10 - that is at those times when differences 
in susceptibility to cycloheximide in both forebrain 
hemispheres have been found. The learning performance of 
birds given either cycloheximide in the left hemisphere 
and saline in the right^or saline in the left hemisphere 
and cycloheximide in the right is not significantly 
different from saline controls (or chickens given a 
bilateral dose of cycloheximide and placed in the dark) on 
either of these days if they are placed in darkness 
immediately after treatment.
4. Comparison of the length of time in the dark needed 
to produce protection in unilaterally-treated birds 
on days 2 and 10.
1) Length of time in dark needed to produce protection 
on day 2.
In order to determine the length of time needed 
to confer protection from unilateral treatment of 
cycloheximide on day 2 (i.e. cycloheximide in left, saline
FIGURE 28. - shows that protection from the effect 
of unilateral injection of cycloheximide can be 
conferred on days 2 and 10 - that is at those times 
when differences in susceptibility to cycloheximide 
in both forebrain hemispheres have been found. The 
score of errors in the last 20 pecks of the task 
for birds given either cycloheximide in the left 
hemisphere and saline in the right, or saline in 
the left hemisphere and cycloheximide in the 
right, is not significantly different from saline
controls.
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in right) treated and control birds were held under opaque 
buckets after injection for periods ranging from k h to 3 h.
A total of 8 birds in control and experimental groups was 
held in the dark for each time period.
Fig. 29 shows that to produce protection from the 
effect of unilateral injection of cycloheximide into either 
the left or right hemisphere on day 2 ,. the chick must be held 
in the dark for at least 2 to 3 h after treatment. Learning 
scores for birds held for h, h and 1 h periods after 
treatment in either the left or right are significantly 
different from their matching controls.
p ^  o.OOl 1-tailed U test % h in dark after cycloheximide
in left.
0.001 'y p ^ 0.001 1- h h in dark after cycloheximide
tailed U test in left.
p <^0.01 1-tailed U test 1 h in dark after cycloheximide
in left.
The performance of birds held for 2 and 3 h is not significantly 
different from matching controls.
2) Length of time needed to produce protection 
on day 10.
Birds given cycloheximide in the left and saline 
in the right hemisphere or cycloheximide in the right and 
saline in the left hemisphere on day 10 were held in the 
dark for varying periods also. They included h h, % h, 1 h,
2 h, 3 h. After treatment on day 10 they were reared in 
isolation until day 14 when they were tested on the pebble 
floor.
Results showed that to produce protection from the
FIGURE 29. - shows that to produce protection from 
the effect of unilateral injection of cycloheximide 
into either the left or right hemispheres on day 2, 
the chick must be held in the dark for at least 
2 to 3 h after treatment. The performance of birds 
held for 2 and 3 h is not significantly different 
from matching controls. These birds are protected. 
However the score of errors in the last 20 pecks 
of the task for birds held for h and 1 h periods 
after treatment, in either the left or right sides, 
is significantly different from that of their 
matching controls.
p <^0.001 1-tailed U test h h group
0.001 p 0.001 1-tailed U test  ^h group
p <^0.01 1-tailed U test 1 h group
U n i la te ra l  p ro tec t ion  on d a y  2
CXM in Left hem isphere  
on day  2
^ CXM in Right h e m isp h e re  
\ o n  d a y  2
Sa l ine  B i la te ra l  
on d a y  2
TIME HELD IN THE DARK
n = 8 for each group
effect of unilateral injection of cycloheximide into 
the right hemisphere on day 10, the chick must be held 
in the dark for at least 2 - 3 h after treatment. Birds 
held in the dark for % and 1 h periods still show the 
slow learning effect. (Fig. 30) 
p 0.001 1 tailed U test k h in the dark
P 0.001 1 tailed U test % h in the dark
p ^  0.01 1 tailed U test 1 h in the dark
Birds given unilateral treatment of cycloheximide 
into the left hemisphere on day 10 are not susceptible to 
the effect. So as expected all these birds are not slow 
learners, whatever length of time they have been held in 
the dark. In other words, these birds have not been 
protected, they are just not susceptible to the effect of 
the drug.
5. Discussion.
The effect of cycloheximide on visual and auditory 
learning is not only produced by bilateral injection of 
the drug. An effect on learning can be produced by 
injecting a 20 ug dose into one hemisphere of the chick 
brain on day 2 after hatching. Anson (1974) showed that 
the left hemisphere can operate independently of the right 
hemisphere while the right is dependent on the left for 
visual discrimination.
The results reported in this chapter now show 
that lateralization of visual learning ability could in 
fact be a function of hemispheric development. There are
FIGURE 30. - To produce protection from the effect 
of unilateral injection of cycloheximide into the 
right hemisphere on day 10, the chick must be held 
in the dark for at least 2 - 3 h after treatment. 
The score of errors in the last 20 pecks of the 
task is significantly different for these birds, 
held for %,  ^and 1 h periods, from that of 
their matching controls, 
p <^0.001 1-tailed U test h h group 
p 2^  0.001 1-tailed U test h h group 
p <^0.01 1-tailed U test 1 h group 
Birds given unilateral treatment of cycloheximide 
into the left hemisphere on day 10 are not 
susceptible to the effect of the drug, hence 
their performance is not significantly different 
from that of matching control birds.
Un i la te ra l  p ro tec t ion  on d a y  10
CXM in Right  hem isphere  
\  on d ay  10
Sa l ine  B i la te ra l  
on d a y  10
CXM in Left hem isphere  
on d ay  10
TIME HELD IN THE DARK
n = 8 for each group
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different rates of hemispheric development with respect to 
the behavioural effects of susceptibility to cycloheximide. 
While it is likely that the biochemical effect is the same 
in both hemispheres, cycloheximide must be affecting each 
hemisphere in separate ways. The differences in susceptibility 
to cycloheximide in each forebrain hemisphere occur during the 
first 12 days of life.
The left hemisphere is the one most affected by 
cycloheximide during the first week of life. Unexpected 
however are the results of unilateral injection on days 10 and 
11, which are quite different from the results of bilateral 
injection at these times. Bilateral injection of cycloheximide 
on days 10 or 11 is without effect on subsequent visual 
learning. But unilateral injection of cycloheximide in the 
right hemisphere alone produces a marked permanent learning 
deficit. It is possible that in the cycloheximide-treated 
brain on day 10 the learning in the left hemisphere requires 
a functional right hemisphere whereas the right hemisphere is 
capable of learning on its own. This is in direct contrast to 
the findings of Anson 1974. Susceptibility to cycloheximide's 
effect in the right hemisphere but not the left at this time, 
implies the possibility of development of a new form of access 
or control from the left to the right in the normally- 
developing chick brain; a development blocked by cycloheximide.
By day 14 however there is no longer bilaterality 
in the brain with respect to cycloheximide treatment. As 
with bilateral injection, at this time unilateral injection 
does not result in an effect on subsequent visual learning
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on either the left or right side of the brain with 
respect to pebble floor learning.
Protection from the effect of unilateral 
injection can be conferred on days 2 and 10, that is 
at those times when differences in susceptibility to 
cycloheximide in each forebrain hemisphere have been 
found. Birds given either cycloheximide in the left 
hemisphere and saline in the right, or cycloheximide 
in the right hemisphere and saline in the left on either 
of these days are subsequently protected if they are 
placed in the dark for 3 h immediately after treatment. 
Also the length of time in the dark needed to confer 
protection is not different on day 2 than on day 10.
In fact it is not different from the time in the dark 
required to protect the chick from bilateral treatment - 
2 to 3 h being sufficient to prevent the effect.
The interaction of both brain development and 
environmental input could well be important in different 
ways, that is with regard to the amount and kind of visual 
input and the stage of hemispheric development. It would 
be interesting to test the effectiveness of monocular 
exposure to the visual patterns found to be effective for 
binocular exposure, (chapter 4) on days 10 and 11, in 
producing cycloheximide1s effect. Since complete 
decussation of the optic nerves of the bird results in 
visual information entering the brain in separate 
hemispheres, it would be quite simple to investigate the 
interaction of hemispheric development and pattern input 
with respect to susceptibility to cycloheximide. The bird
treated with cycloheximide in the right hemisphere only, 
on days 10 and 11, and exposed to spots or crosses with 
the left eye only could be compared with birds treated 
in the left hemisphere only and exposed with the right 
eye. Whatever the result of these experiments, the 
fact that protection times are similar for bilateral 
and unilateral treatments also raises the question of 
whether the underlying processes are similar.
The unilateral protection experiments of Anson 
(1974) indicated that direct input from the contralateral 
eye to the injected hemisphere is needed to produce 
retardation. After cycloheximide treatment of the left 
hemisphere only on day 2, protection is achieved both by 
occluding left and right eyes together and also by 
occluding the right eye only. So only perceptual input 
from the right eye projecting to the left hemisphere is 
capable of producing the effect. What then does this 
mean for the protection of the right hemisphere on day 10 ?
Treatment of the right hemisphere with 
cycloheximide at this time prevents the bird from being 
able to perform the task and obviously it is not able to 
call upon the left hemisphere. It is possible that 
unilateral treatment of cycloheximide at this time has 
interrupted a normally developing interaction between the 
two hemispheres which is dependent upon visual stimulation.
The effect in birds injected at various times 
after hatching on auditory habituation does not indicate 
development of a similar interaction between hemispheres.
In the chick it is most likely that the left hemisphere
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has assumed dominance for this task, well before the 
effect for visual discrimination is seen. The development 
of the auditory system in the chick precedes that for 
the visual system which is well-demonstrated by the fact 
that chicks can be imprinted in the auditory modality 
before the visual modality.
This evidence of lateralization in chickens 
may be a forerunner to that found in song birds where 
control of singing is lateralized to the left hemisphere 
(Nottebohm 1972). It is possible that the calls of 
chickens, which are considered to be more primitive than 
the vocalizations of song birds (Andrew 1969), are also 
lateralized. Furthermore Nottebohm 1972, 1973, suggests 
that differential development may be responsible for the 
evident hypoglossal dominance in the left syrinx 
musculature, for on severing the left hypoglossus in 
canaries during the first month of life, dominance is 
transferred to the right side. The older the bird is 
before the operation, the greater the component of left 
hypoglossal dominance in adult singing.
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CHAPTER 6.
CONSOLIDATION OF LEARNING IN 3 DAY OLD CHICKENS 
COMPARED TO 10 DAY OLD CHICKENS.
1. Introduction.
2. Training before injection on day 3, retention on day 9.
3. Training and injection on day 3, retention on day 4.
4. Training and injection on day 9, retention on day 10.
5. Discussion.
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1. Introduction.
While it is quite possible that the effect 
of cycloheximide is on maturation of the neuronal 
pathways established during the first few days of the 
chick's life, it is possible that the permanent effect 
on learning ability is a result of blockage of early 
memory formation. The same behavioural outcome - no 
evidence of learning in later life - is possible 
whichever is the case. It is even possible that learning 
occurs but somehow the access to that learning is blocked 
later on. However, it is generally accepted (Gibbs and 
Mark, 1973 for review, Cohen
and Barondes 1968) , that consolidation of memory formation 
is disrupted by cycloheximide treatment close to the time 
of the learning experience.
It has long been recognized that memory becomes 
less susceptible to disruption with time. This is 
thought to represent a physiological process of consolidation 
whereby memory is converted from a labile to a more 
permanent form. The consolidation period has been reported 
as taking from seconds to hours; a not surprising finding 
considering the range of tasks, parameters and species 
studied (Cherkin 1966, Quinton 1971).
To account for the permanence of memory, Hebb 
(1949) proposed that some form of structural change to the 
nervous system would be necessary. The consolidation of 
learning or memory formation would thus involve a series 
of sequential neurological events. Since this would 
require time he suggested that a "reverberatory trace"
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might "carry the memory until the growth change is 
made" (p 62). Nowadays the consolidation theory of 
memory formulated by Hebb (1949) has shifted in 
emphasis from the proposed growth of synaptic knobs 
to the investigation of the actual involvement of 
protein synthesis in the modification of specific 
synaptic connections.
Since consolidation of memory has been shown 
to be disrupted by cycloheximide close to the time of 
training, a series of experiments aimed at comparing 
consolidation times in young and older chicks was carried 
out. This was initiated by the finding that the permanent 
effect of cycloheximide is not apparent for memories laid 
down before injection on day 2 or 3. That is, if the 
chick is trained on the pebble floor on day 3 and is then 
treated with the drug, within a period which in older 
birds causes memory loss, memory of the task is apparent 
later on (day 9). This finding suggested that there could 
in fact be a difference in consolidation times between 
young and older chickens. For it is known that cycloheximide 
is effective in disrupting long term memory formation even 
if it is given after training in older birds (Rogers, Drennen 
and Mark 1974).
The following experiments were thus aimed at 
delineating in more detail the times before and after 
training that injection of cycloheximide could be given 
in young and older birds to disrupt long term memory.
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2. Training immediately before injection on day 3 
retention on day 9.
Chickens of both Warren sex-linked and white 
leghorn X black australorp strains were trained on the 
pebble floor on day 3 after hatching and were then given 
the usual dose of cycloheximide injected bilaterally.
All birds were injected 30 mins, after the first peck on 
the training trial. Each bird was then reared individually 
in the home cage and tested for retention on day 9.
Fig. 31 shows that birds trained on the pebble 
floor on day 3 before receiving cycloheximide remembered 
the visual discrimination when tested for retention on 
day 9. Performance of pretrained birds in the first 20 pecks 
of pecking in retention was not significantly different from 
their performance in the last 20 pecks of the training trial 
which shows that they remember the discrimination.
3. Training and injection on day 3 retention on day 4.
7 groups of 8 chicks from 14 batches were injected 
at various times around training on day 3. The times of 
injection included 1 h^30 min and 5 min before training and
immediately after, 5 min, 15 min and 1 h after training.
Each bird was then housed individually in the home cage
until the next day (day 4) when it was tested for retention
on the pebble floor.
The results of Figs. 32 - 38 indicate that to 
produce a memory deficit on the pebble floor cycloheximide 
must be injected before training on day 3. The score of 
errors in the first 20 pecks in retention for birds injected
FIGURE 32. - demonstrates that a memory deficit 
on the pebble floor task tested on day 4, can 
be produced by injecting cycloheximide 1 h before 
training on day 3. The number of errors on pebbles, 
in training and retention, is plotted against the 
total number of pecks blocked into groups of 20.
The score of errors in the first 20 pecks in 
retention for birds injected 1 h before training, 
is significantly different from their score of 
errors in the last 20 pecks of the training trial 
(p = 0.02 1-tailed U test).
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FIGURE 33. - demonstrates that a memory deficit 
on the pebble floor task, tested on day 4, can be 
produced by injecting cycloheximide 30 min before 
training on day 3. The number of errors on pebbles, 
in training and retention, is plotted against the 
total number of pecks blocked into groups of 20.
The score of errors in the first 20 pecks in 
retention for birds injected 30 min before 
training, is significantly different from their 
score of errors in the last 20 pecks of the 
training trial (p ^ 0.001 1-tailed U test).
Training and injection on day 3 retention on day 4
inject  
30  mins 
b e f o r e  ^
Training d a y  3
A ~
Yn S a l i n e  
° CXM
in ject  
30  mins 
b e f o r e 1-20 21-40 41-60
R e t e n t i o n  d a y  4
»  CXM
*<► S a l i n e
1-20 21-40 41-60
PECK NUMBER PECK NUMBER
n 8 f o r  e a c h  g r o u p
FIGURE 34. - shows that a memory deficit on the 
pebble floor task, tested on day 4, can be 
produced by injecting cycloheximide 5 min before 
training on day 3. The number of errors on 
pebbles, in training and retention, is plotted 
against the total number of pecks blocked into 
groups of 20. The score of errors in the first 
20 pecks in retention for birds injected 5 min 
before training, is significantly different from 
their score of errors in the last 20 pecks of 
the training trial (p 0.001 1-tailed U test).
Training and injection on day 3 retention on day 4
inject 
5 mins 
before
Training day 3
o Saline 
CXM
inject 
5 mins 
before 1-20 21-40 41-60
Retention day 4
o CXM
° Saline
1-20 21-40 41-60
PECK NUMBER PECK NUMBER
n = 8 for each group
FIGURE 36. - shows that injection of cycloheximide 
5 min after training on the pebble floor on day 3, 
does not produce a memory deficit the next day.
The number of errors on pebbles, in training and 
retention, is plotted against the total number of 
pecks blocked into groups of 20. The mean 
retention score, measured on day 4, for birds 
injected immediately after training on day 3, is not 
significantly different from performance on the 
last 20 pecks of training.
Training and injection on day 3 retention on day 4
Training day 3
UL- 8
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FIGURE 37. - shows that injection of cycloheximide 
15 min after training on the pebble floor on day 3, 
does not produce a memory deficit the next day.
The number of errors on pebbles, in training and 
retention, is plotted against the total number of 
pecks blocked into groups of 20. The mean 
retention score, measured on day 4, for birds 
injected 15 min after training on day 3, is not 
significantly different from performance on the 
last 20 pecks of training.
Training and injection on day 3 retention on day 4
Training day 3
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FIGURE 38. - shows that injection of cycloheximide 
1 h after training on the pebble floor on day 3, 
does not produce a memory deficit the next day.
The number of errors on pebbles, in training and 
retention, is plotted against the total number of 
pecks blocked into groups of 20. The mean retention 
score, measured on day 4, for birds injected 1 h 
after training on day 3, is not significantly 
different from performance on the last 20 pecks 
of training.
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5 min, 30 min and 1 h before training is significantly 
different from the score of errors in the last 20 pecks of 
the training trial.
p = 0.02 1-tailed U test 1 h before
p 0.001 1-tailed U test 30 min before
p 0.001 1-tailed U test 5 min before
The retention scores for birds injected after training on 
day 3 are not significantly different from the performance 
on the '.last 20 pecks of the training period.
4. Training and injection on day 9 retention on day 10.
9 groups of 10 chicks from 18 batches were 
injected at various times around training on day 9.
The times of injection included 1 h, 10 min and 5 min 
before training and 5 min, 15 min, 30 min and 1 h after 
training. Each bird was trained to a criterion of 
3 errors. Each bird was then housed individually in the 
home cage until the next day (day 10) when it was tested 
for retention on the pebble floor.
Figs. 39 - 45 show that a memory deficit on the 
pebble floor can be produced if the injection of 
cycloheximide is given 10 or 5 min before training as well 
as 5 and 15 min after training.
p = 0.01 1-tailed U test 10 min before
p < 0.01 1-tailed U test 5 :min !before
p < 0.01 . 1-tailed U test 5 min after
p 0.02 1-tailed U test 15 min after
Injections given at 1 h before and 30 min and 1 h after 
training were ineffective in blocking long term memory
formation. That is, these birds showed memory of the task.
5. Discussion.
The results of this series of experiments 
do show that cycloheximide is ineffective in blocking 
long term memory in 3 day old chicks if it is injected 
after the training trial. To produce an amnesic effect 
(measured 24 h later) cycloheximide can only be injected 
anytime after 1 h before training. This is in contrast 
to cycloheximide's effect in older birds where long term 
memory formation can be disrupted 15 min after training 
as well as 10 min before training.
Are we seeing then a real difference in 
consolidation time between the young and older chicken ? 
Perhaps the differences in susceptibility to memory 
disruption are revealing different time courses of 
biochemical action of the drug at both ages. Hambley (1977)__ 
and Woolston (1977) have recently shown that the inhibition 
of protein synthesis by cycloheximide is different in young 
and older chicks. Four hours after injection on day 10, 
inhibition of protein synthesis is less than 50%, while at 
the same time after injection on day 1, it is nearly 80%. 
While these results could in fact be related to the route of 
injection (intraperitoneal), and the development of the blood 
brain barrier to the drug in the older birds, it is possible 
that a more direct difference in biochemical time course of 
drug action on protein synthesis at the two ages, is 
involved. Hambley's (1977) finding that cycloheximide has 
different effects on amino acid uptake in young and older
FIGURE 39. - demonstrates that injection of 
cycloheximide i h before training on day 9, does 
not produce a. memory deficit tested on the pebble 
floor, the next day. The number of errors on 
pebbles, in training and retention, is plotted 
against the total number of pecks blocked into 
groups of 20. The mean retention score, measured 
on day 10, for birds injected 1 h before training 
on day 9, is not significantly different from their 
performance on the fast 20 pecks of training.
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FIGURE 40. - shows that a memory deficit on the 
pebble floor, tested on day 10, can be produced 
if the injection of cycloheximide is given 10 min 
before training on day 9. The number of errors 
on pebbles, in training and retention, is plotted 
against the total number of pecks blocked into 
groups of 20. The score of errors in the first 
20 pecks in retention, for birds injected 10 min 
before training on day 9, is significantly 
different from their score of errors in the last 
20 pecks of the training trial (p = 0.01
1-tailed U test).
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FIGURE 41. - shows that a memory deficit on the 
pebble floor, tested on day 10, can be produced 
if the injection of cycloheximide is given 5 min 
before training on day 9. The number of errors 
on pebbles, in training and retention, is plotted 
against the total number of pecks blocked into 
groups of 20. The score of errors in the first 
20 pecks in retention, for birds injected 5 min 
before training on day 9, is significantly 
different from their score of errors in the last 
20 pecks of the training trial 
(p </ 0.01 1-tailed U test).
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FIGURE 42. - shows that a memory deficit on the 
pebble floor, tested oh day 10, can also be 
produced if the injection of cycloheximide is 
given 5 min after training on day 9. The 
number of errors on pebbles, in training and 
retention, is plotted against the total 
number of pecks blocked into groups of 20.
The score of errors in the first 20 pecks in 
retention, for birds injected 5 min after 
training on day 9, is significantly different 
from their score of errors in the last 20 pecks 
of the training trial 
(p ^  0.01 1-tailed U test).
Training and injection on day 9 retention on day 10
Training day 9
1-20 21-40 41-60
inject 
5 mins 
after
I
inject 
5 mins 
after
PECK NUMBER
Retention day  10
o CXM 
° Sal ine
1-20 21-40 41-60
- PECK NUMBER
n = 20 n = 10 for each group
FIGURE 43. - shows that a memory deficit on the 
pebble floor, tested on day 10, can also be 
produced if the injection of cycloheximide is given 
15 min after training on day 9. The number of 
errors on pebbles, in training and retention, is 
plotted against the total number of pecks blocked 
into groups of 20. The score of errors in the first 
20 pecks in retention, for birds injected 15 min 
after training on day 9, is significantly different 
from their score of errors in the last 20 pecks of 
the training trial (p=0.02 1-tailed U test).
Training and injection on day 9 retention on day 10
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FIGURE 44. - demonstrates that injection of 
cycloheximide 30 min after training on day 9, does 
not produce a memory deficit^ tested on the pebble 
floor the next day. The number of errors on 
pebbles, in training and retention, is plotted „ 
against the total number of pecks blocked into 
groups of 20. The mean retention score, 
measured on day 10, for birds injected 30 min 
after training on day 9, is not significantly 
different from their performance on the last 20 
pecks of training.
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FIGURE 45. - demonstrates that injection of 
cycloheximide 1 h after training on day 9, 
does not produce a memory deficit, tested on the 
pebble floor the next day. The number of errors 
on pebbles, in training and retention, is plotted 
against the total number of pecks blocked into 
groups of 20. The mean retention score, measured 
on day 10, for birds injected 1 h after training 
on day 9, is not significantly different from 
their performance on the last 20 pecks of 
training.
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chicks points to another biochemical difference at the two 
ages which could also underlie the behavioural results.
"Engram", "trace" or "memory" have in recent 
years come to be used interchangeably to name the elusive 
physical change that must occur somewhere in an animal, 
"which makes it different from other animals because it 
has learned something" (Horridge 1968). Seen in terms 
of the consolidation hypothesis of memory formation which 
states, that the engram requires time to fix itself in the 
brain (the engram is not fully established by the time the 
learning experience is over), these results show that the 
young chick must have a shorter consolidation time, than 
its older counterpart.
The time course for memory disruption reported 
here using the pebble floor task is different from a 
similar study of Mark and Watts (1971) who demonstrated 
an amnesic effect of cycloheximide in the young chicken. 
They found that on a one-trial passive avoidance task, 
amnesia could be produced even when cycloheximide was 
injected up to 10 minutes after training on day 2. It 
is quite possible however that a different behavioural 
time course would exist for different learning tasks.
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CHAPTER 7.
GENERAL CONCLUSIONS.
87 .
The behavioural outcome of controlling visual 
experience on young chickens under the influence of 
cycloheximide, examined in this thesis, has been given 
the name "learning retardation" or "slow learning".
But just what does the term "retarded learning" mean?
After 40 - 60 pecks on the pebble floor, saline-treated 
control chicks preferentially peck grain rather than 
pebbles, while birds treated with cycloheximide do not - 
provided that while under the influence of cycloheximide 
they have received certain sorts of visual input. The 
latter chickens will eventually learn to select grains 
from a background of pebbles if given prolonged training. 
(Rogers et al 1974). It takes them however a lot longer 
than controls to meet criterion - hence the term slow or 
retarded learner.
For vision the susceptible period for retardation 
does not begin until two days after hatching and extends 
until the end of the first week of life, if the injection 
given is bilateral. The exact duration of susceptibility 
depends on the learning task used to detect retardation. 
Visual discrimination and visual habituation on the pebble 
floor are equally affected by bilateral injection on day 2; 
by day 5 bilateral injection no longer causes significant 
retardation in habituation, but discrimination is still 
retarded. Susceptibility in the auditory modality, with 
the one test used, is present 1 h after hatching, peaks 
at 6 h and is over by the third day, thus preceding visual 
susceptibility in onset and termination (Rogers, Drennen 
and Mark 1974).
The effect of cycloheximide can only be measured
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operationally in terms of the behaviour expressed on the 
learning task used. However a great problem inherent in 
any learning situation is that the behaviour observed need 
not necessarily be a measure of learning. The observation 
of learning or not learning,could well be due to a change 
in sensory ability, arousal level, attention or motivation 
for instance.
So how sure can we be then that performance on 
the pebble floor is in fact learning ? This is a very 
difficult question to answer since what we are observing 
is just a preference switch from pecking one stimulus type 
to another. It could be that control birds simply switch 
their initial preference for pecking bright, shiny novel 
objects to pecking familiar grains of food, and that 
cycloheximide-treated birds do not. It could be that 
cycloheximide-treated birds just continue to peck the stimulus 
object that is/was novel.
However if this is in fact what happens, to make 
the switch the chick must learn the characteristics of the 
object it is going to stop pecking. In other words the 
chick learns that bright shiny pebbles stuck to a floor 
are not new. Cycloheximide-treated chicks however are not 
able to learn the characteristics of pebbles. Somehow the 
interaction of sensory input and the drug's action prevent 
the treated chick from being able to learn the characteristics 
of pebbles and so prevent the chick from making the switch 
to pecking grains.
But it is probable that more than this is learnt.
It is clear that chicks know the difference between grains
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and pebbles when they are first placed on the pebble floor, 
even though the chick's previous experience is of grain only, 
and not of pebbles. Their first preference is for pebbles, 
the number of first pecks at pebbles being much greater 
than would occur by chance. It must be that chicks learn 
to prefer grains to pebbles; they must learn about pebbles 
rather than about grains. Two possible motivations for 
learning to prefer grain could be hunger or boredom at 
pecking non-moving objects. Birds placed on the pebble floor 
after food deprivation are likely to be hungry. Since they 
like to scratch to peck at food under natural conditions 
and since most often chicks scratch before pecking on the 
pebble floor, it is likely that their initial preference 
changes to satisfy their need for food that can be moved 
about. The chick could learn that bright, smooth shiny 
pebbles are objects which do not provide nutritive reward and 
also do not provide the stimulation associated with food.
Under normal conditions however, where chicks have 
not received cycloheximide treatment, it has in fact been 
shown that chicks do not learn primarily because they are 
hungry (Reymond 1977). There is no correlation between the 
number of pecks at grains which are ingested while on the 
pebble floor, and the number of errors scored in the last 20 
pecks. After 3 h of food deprivation birds are not motivated 
to perform the task primarily because of the nutritive reward 
received from the ingestion of grains. Motivation to perform 
appears to arise from a number of different sources. It is 
the deprivation of all, or some of the non-nutritional
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Stimulus parameters associated with food that is responsible 
for motivating birds to learn. However with extended periods 
of food deprivation, hunger does motivate birds to learn. 
Apparently as the length of the deprivation period alters 
so does the relative importance of the motivational factors 
contributing to the learning performance. With 15 h of 
food deprivation,hunger appears to assume a dominant role 
in controlling a bird's learning performance (Reymond 1977) 
and the deprivation of visual and tactile stimuli becomes 
secondary. Birds deprived of food for 15 h perform better 
than birds deprived for 3 h. There is a high correlation 
between the number of pecks at grains ingested and the 
number of errors scored in the last 20 pecks with 15 h food 
deprivation.
The learning performance of untreated birds has 
also been found to vary according to a diurnal rhythm 
(Reymond 1977). Birds fed daily at 9.30 am and deprived 
of food for 3 h prior to testing, learned well during the 
day while at night they did not appear to learn but pecked 
randomly at grains and pebbles throughout the recorded 
60 pecks. However if retested the next morning for retention 
it is found that birds remembered the task; that is, they 
show memory of a task which they "supposedly" do not learn. 
This result is readily explained by the birds diurnal rhythm. 
Performance depends on the time of day the behaviour is 
tested for. This is a good example of a situation where 
information is processed, but not read out into behaviour.
The bimodal performance cycle, which was generated by feeding 
birds at 8. 00 pm, demonstrates that feeding time, with its
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associated nutritive and activity connotations, is an 
important temporal constraint on a bird's ability or 
willingness to perform the particular task.
Given then that the pebble floor discrimination 
task is an appetitive task where chickens search for a 
"desired object, condition or for some sort of information, 
rather than nutritional reward" (Reymond 1977) after 3 h 
deprivation (but not after extended periods of deprivation) 
we can ask just how much of performance is due to motivation, 
arousal or attention and how much to learning ? The 
interaction of all these factors is undoubtedly complex 
and will ultimately have to be understood for proper 
understanding of the retardation effect. They must all be 
behavioural parameters to which the learning deficit is 
bound. Certainly there cannot be a simple "peck and 
rejection" mechanism on the pebble floor task which is 
affected by cycloheximide treatment. One of two possible 
alternatives to the task as it is, would be to look at the 
performance of chicks which had been given previous 
experience with pebbles. These chicks might not show the 
initial preference for pebbles since pebbles would no longer 
be novel to them. The importance of hunger and novelty in 
motivating birds to perform the task could also be 
investigated by using a choice between another type of 
food for which they had no previous experience - wheat for 
example - and pebbles they had never seen.
The possible behavioural 'sites' of action of 
cycloheximide are represented schematically on the next 
page. Given the complexity of all the constraints on
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pebble floor performance it is, a priori, unlikely that the 
drug is affecting just one process. It could be acting at 
any or all levels.
To begin with though it seems unlikely that 
cycloheximide is acting at the level of sensory input.
Treated birds can eventually learn to make the switch to 
pecking grain; they even show an initial preference for 
pebbles. It has also been demonstrated (Anson 1977) that 
cycloheximide-treated chicks still perform the task under 
different levels of light intensity, indicating that they 
can 'see' pebbles and grain. The finding that birds 
pretrained on the pebble floor on day 3, before being injected 
with cycloheximide, can perform the task when tested for 
retention on day 9 (see Chapter 6), also rules out the 
possibility that cycloheximide is acting at the level of 
sensory input. This result in fact appears to rule out all 
levels except that of memory formation. Since pretraining 
prevents the effect of subsequent cycloheximide injection in 
the young bird, the treated chicken must be able to see, 
process and read-out information. For chicks pretrained on 
the pebble floor it would seem that only the learning of new 
tasks would be affected by cycloheximide treatment, which 
indicates that the primary affect of the drug must be on 
memory formation. It could be that somehow cycloheximide 
blocks the "association" processes that must be required for 
the bird to associate the visual characteristics of pebbles 
with the fact that they are inedible and immovable.
It is still possible however that some levels of 
visual processing are affected. It could be that visual
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stimuli trigger off the maturation of certain sorts of visual 
units during the critical period of susceptibility to the 
drug; that is from day 2 to day 8. Cycloheximide could 
block this maturation by preventing or distorting responses 
to visual stimulation which, once triggered, cannot be 
triggered off again once the effect of the drug has worn 
off. Prior training might trigger off the maturation of 
units specific to the task the chick has already learnt, 
but it might not trigger off maturation of units for other 
visual phenomena. Since visual units fire (Wilson 1977) 
in anaesthetized chicks whose eyes are held open, it would 
appear that visual processing must happen at high levels in 
the nervous system. This processing and the deposition of 
memory traces could be one and the same thing.
Some light might be thrown on these possibilities 
by testing birds treated with cycloheximide on day 2, for 
retention the day after their training session on day 9, to 
see if they can remember the task after a non-learning 
experience. A "memory without apparent learning" phenomenon 
has been observed in chicks treated with oubain (Pvogers, 
Oettinger, Szer and Mark 1977) and is also demonstrated by the 
bimodal performance cycle discussed above (Reymond 1977).
It would seem then from the above results that the 
most likely, though not the only possible place of action of the 
drug, is on the processes that underlie the laying down of 
memories. However it must be remembered that in the young 
brain, development of these processes could involve maturation 
of visual circuitry just as much as early memory formation. 
Biochemical and physiological explanations of both phenomena
could turn out to be the same. But since there is no evidence
that early memories can only be formed once, it is most likely 
that cycloheximide is interfering with events of a 
maturational kind which only happen at a given time during 
development and which are crucially dependent on sensory 
experience.
The strongest support for the idea that cycloheximide 
is blocking early memory formation, is that the effect of 
cycloheximide can only come about by the interaction of 
perceptual input and drug action. To make the chick a slow 
learner, cycloheximide treatment must be accompanied by sensory 
input. Chickens are protected from the effect of the drug if 
they are held in the dark, if they are injected while under 
anaesthesia, and even when their eyes are held open. So it 
would seem that the deficit is somehow dependent upon the 
actual processing of the visual input that is received. But 
in fact this could trigger off maturation as well as early 
memory formation.
The results of this thesis do give some indication 
of the sorts of information that must be mishandled in the 
treated brain. Birds exposed to :
1 . patternless white light
2 . 4 non-intersecting lines
3 . 4 peripheral spots
4. 4 peripheral crosses
5. 3, 5 cm non-intersecting parallel lines
6. 3, 45 cm non-intersecting parallel lines
were all protected from the slow learning effect. So it is 
not only patternless white light, but also the processing of
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patterned information that falls into the following categories
a) spots or crosses in the peripheral visual field and
b) non-intersecting lines placed in the central or peripheral 
visual fields, which fail to trigger off the reactions
interfered with by cycloheximide, which are detected by the 
learning deficits on the pebble floor task. So the only 
patterns tested that are effective in producing retarded 
learning are those containing intersecting lines and spots 
in the centre of the visual field. Either visual units 
involved in the seeing of grains or pebbles are affected by 
drug treatment, or some higher processing of the meaning of 
these stimuli is interrupted or blocked. Presumably both 
processes are interdependent. It would be very difficult to 
separate the effect of cycloheximide on one from the other.
As to the underlying physiological mechanism - no 
information has emerged. But it is quite possible that the 
interaction of drug and visual stimuli somehow interupts the 
maturation of visual units in the chick forebrain which are 
necessary to discriminating pebbles and grains. The stimulus 
parameters associated with pebbles glued to a floor and grains 
scattered over them are primarily visual - and require 
primarily discrimination of texture and brightness. Visual 
units necessary for discriminating both these parameters 
might be functionally immature or not present at all in the 
cycloheximide-treated brain. Electrophysiological recording 
from the young treated brain might well give some indication 
of which processes are triggered off by visual stimulation, 
just how these processes are affected by cycloheximide, and 
how subsequent information processing is affected by these
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changes.
Early visual experience in the home cage must set 
in train a chain of events which can only happen in the critical 
period from day 2 to day 8. We know that the events must happen 
during this time since birds injected with cycloheximide after 
day 8 develop as 'normal' learners. Exposure to a specific 
learning situation, such as on the pebble floor, during this 
time, but before cycloheximide treatment, does not however 
impair subsequent memory or learning ability on that task.
So it would seem that the time that visual stimulation takes 
to trigger the events is dependent on the type of experience 
received. It could be that specific visual stimulation and 
concentrated learning on the pebble floor refines certain 
circuits in a matter of minutes, whereas the relatively 
nonspecific stimulus of the home cage takes a week. An 
interesting behavioural manipulation would be to see if in 
fact the time course of susceptibility to cycloheximide 
treatment is plastic, by dark rearing chicks from hatching 
for different lengths of time.
It is conceivable that cycloheximide's action in 
the young brain may be due to interference with specific 
proteins involved in the facilitation or repression of 
synaptic transmission, which are synthesized in response to 
visual stimulation. Maybe early visual input and directed 
protein synthesis set a permanent limit on the complexity 
of functional neuronal connections that may develop by 
determining the degree of cellular interconnection. Memories 
laid down and neuronal pathways established during early life 
would thus form the fundamental framework for subsequent
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behavioural control. The young chick is still in the early 
stages of differentiation with respect to its behavioural 
development so somehow the suppression of subsequent 
maladaptive behavioural responses must be guaranteed.
A selection mechanism whereby inappropriate neuronal 
connections are eliminated or suppressed (Mark 1974) in early 
life, or appropriate pathways become functional, would 
presumably involve a DNA/RNA system for the control of protein 
synthesis. We could therefore expect both to be susceptible 
to interference by cycloheximide treatment. Protein molecules 
synthesized in the first week of life may well serve in an 
intercellular recognition process that leads to the 
participation of particular neurones in particular functioning 
pathways. Synaptic transmission may be suppressed from 
neurones not used, or from those nonfunctioning terminals 
in which protein molecules serving as 'markers' are absent, 
or whose amino acid pool is depleted. Or synaptic transmission 
may be facilitated in neurones that are used, or in nerve 
endings which contain the appropriate proteins. The mechanism 
for the development of precise connections would thus have 
built into it a recognition process which is based on an 
interaction of specific protein synthesis and sensory input 
at an early critical time. Essential to this hypothesis is 
that a mechanism of this kind is brought into operation during 
a key period of an animal's early life. The often sited 
examples of early sensitive periods in behavioural development, 
suggest that young animals must develop precise central 
nervous connections according to a highly specific biological 
clock. The final lining-up of neurones of the visual systems
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in cats and frogs during early critical periods certainly 
suggests this.
Though it has been well accepted that cycloheximide 
exerts its effect by inhibiting cytoplasmic ribosomal protein 
synthesis, it is not certain that the effect is due to 
inhibition of protein synthesis per se. Recent biochemical 
findings show that in young birds there is an increase in uptake 
of amino acids after cycloheximide treatment (Woolston 1977) 
and an increase in free amino acid pools, especially an 
increase in the levels of the transmitter amino acids, glutamate, 
aspartate, glycine and gamma-amino butyric acid after treatment 
(Hambley 1977) . Furthermore injection of these amino acids 
produces a retardation effect.
A likely explanation of the effect of injection of 
amino acids is that too many pathways are activated by 
indiscriminate firing, which produces a "scrambled" brain. It 
seems unlikely that cycloheximide acts by increasing amino 
acid levels, since on the basis of the scrambling hypothesis, 
there would be no reason to expect that visual stimulation 
is needed. However birds injected with amino acids have 
not been analysed as yet for protection, modality specificity 
or the specificity of stimuli required to produce retardation.
We might expect a different pattern of response due to general 
stimulation caused by increased amino acid levels, which is 
dependent on critical maturational periods only. The 
specificity of retardation does suggest that visual stimulation 
leads to processes of various kinds that are blocked or 
distorted by cycloheximide's block of protein synthesis. The 
fact that pretrained birds are unaffected by cycloheximide
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treatment also makes it unlikely that the drug works by 
producing a scrambled brain.
Since the effect of cycloheximide is dependent 
on the sensory input received after injection and can be 
eliminated by holding the chick in the dark or in silence, 
it would be possible to test some of these hypotheses by 
repeating the protection experiments on chicks treated with 
amino acids. If chicks held in the dark or in silence, after 
injection of amino acids, still show learning retardation 
then its likely that the effect is due to over-stimulation 
of too many neural pathways.
My results show that there is specificity at one 
end of the process, that is, exposure to different stimuli 
produce different effects at the behavioural level. The 
precise recognition abilities of treated and control chicks 
exposed to controlled visual stimuli should be tested. It 
could be that chicks retarded on the pebble floor are not 
retarded on a task requiring the use of peripheral vision. And 
vice versa, chicks retarded on a task requiring peripheral 
vision may not be retarded on the pebble floor. Pecking pebbles 
and grains may make use of spot and cross detectors which are 
by and large situated in the chick's central visual field.
A learning deficit found on a task requiring peripheral 
vision may well be dependent on the interaction of peripheral 
patterns and drug action. The deficits may be quite specific, 
since the stimuli found to produce them certainly are. The 
number of experiments that could test for the specificity 
of the learning deficit would be virtually limitless and 
could excompass not only the chicken's visual world in pattern,
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colour and movement but also the auditory and tactile 
modalities. Presumably the learning deficit would always 
be dependent on the specific type of sensory input the 
chick received while the drug is acting and the learning test 
used to measure it. Specifically, it would be well worth 
testing birds on operant conditioning schedules in a Skinner 
Box. Similar visual stimuli could be used for each learning 
schedule as are used in the exposure period in the spheres.
Since the effect of cycloheximide in young chicks 
is crucially dependent on the type of visual input the chick 
receives after injection, it is also quite possible that 
chickens selectively attend to different stimulus inputs in 
different ways and for different periods of time. Studies 
have indicated that animals do selectively perceive different 
aspects of a stimulus at different times (Dawkins 1969, 
Sutherland 1964). The role played by such attentional 
factors in the spheres would have to be identified for a 
further understanding of how visual input is effective in 
producing retardation. The involvement of constraints such 
as attention, persistence and distractibility in performance 
of the learning task, also need to be understood.
The difference in susceptibility to cycloheximide 
treatment in each hemisphere of the chick forebrain during 
the first 12 days of life is difficult to interpret. 
Unilateral injection of cycloheximide has been found to 
block protein synthesis equally over the whole forebrain 
(Hambley 1977), yet during the first week of life the left 
hemisphere is behaviourally more affected by cycloheximide 
treatment. On days 10 and 11 injection of cycloheximide into
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the right hemisphere alone produces a marked permanent 
learning deficit. This result is quite surprising. It is 
different from the effect of bilateral injection at these 
times, which is without effect on subsequent visual learning. 
Susceptibility to cycloheximide's effect in the right 
hemisphere but not the left at this time certainly implies 
the possibility of development of a new form of access or 
control from the left to the right side in the normally 
developing chick brain; a development blocked by cycloheximide. 
Maybe the trigger for the development of this hypothesized 
access from the left to right comes from the right hemisphere 
and is dependent on the interaction of sensory input and 
protein synthesis, since the chick given unilateral treatment 
on days 10 and 11 can be protected if placed in darkness.
We might expect that processes triggered in the right hemisphere 
are disrupted by cycloheximide in the same way that events of 
a maturational kind would be disrupted in a bilaterally 
treated brain. Perhaps this evidence of lateralization is a 
forerunner to that found in songbirds where it has been 
suggested that differential development is responsible for 
the control of singing being lateralized to the left hemisphere 
(Nottebohm 1973).
The different "consolidation" times found in 3 day 
old chicks compared with 10 day old chicks are also hard to 
explain. Cycloheximide is ineffective in blocking long term 
memory in 3 day old chicks if it is injected after the 
training trial. To produce an amnesic effect the next day 
cycloheximide can only be injected before training. This is 
in contrast to older birds where long term memory formation
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can be disrupted before and after training. While this 
difference in consolidation time between young and older 
birds could be due to different biochemical time courses of 
action or different affects of cycloheximide on amino acid 
uptake at both ages, it does indicate a real difference in 
the young brain where the elusive interaction of cellular 
function and sensory stimulation is rapidly forming the 
basis of the animals subsequent behavioural repertoire.
Whatever its mechanism of action, cycloheximide 
certainly has clear ramifications on adult behaviour. The 
wider social consequences produced by this deficit affect the 
chick for life. Chickens treated with cycloheximide fall to 
the bottom of their social hierarchy (Rogers, Drennen and 
Mark 1974). All chicks treated with cycloheximide on day 2 
began life with high positions in the hierarchy but slowly 
drifted to the bottom over a period of a week. When observed 
during feeding as adults, control birds were found clustered 
around the food source, while treated birds were forced to 
the periphery. What is more, cycloheximide-treated birds 
frequently had to be rescued from being lost or trapped behind 
bushes in the field. If they jumped over the fences, they 
rarely managed to find their way back on their own. Though 
their physical sexual characteristics were normal, when in a 
mixed flock with untreated cocks, they were never allowed to 
copulate with the hens.
It may be that a specific blockage of maturational 
events early in the chicken's life, a "scrambling" of neural 
circuitry early in life, is responsible for such dramatic 
long term effects as these. It is not hard to conceive that
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such phenomena could be an inherent part of central nervous 
system development in all young animals, and even in man.
Despite its many unsolved problems, what this 
thesis has established is a method for affecting long-term 
behaviour by manipulating the interaction of early biochemical 
events and early sensory experience. It may help in 
unravelling some of the developmental processes on which an 
animal's subsequent behavioural repertoire is to be based.
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APPENDIX
FIGURE 46. - Summarizes the learning curves for 
all birds exposed to controlled visual inputs in 
the spheres after cycloheximide injection on day 
2. The effect of exposure to all these visual 
inputs was measured on the pebble floor on day 9 
(see chapter 4).
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FIGURE 47. - compares "consolidation" curves for 
4 day old vs 10 day old chicks. Errors in the 
first 20 pecks of the retention test, given on 
days 4 or 10, is plotted against the time, before 
or after training, that cycloheximide was 
injected. Training was given on day 3 and day 9. 
The two graphs show that to produce a memory 
deficit in the younger bird^ cycloheximide must 
be injected before training, while injection 
before and after training in the older bird^ can 
produce an amnesic effect (see chapter 6).
Results o f retention on day 4 vs day 10
for cyclohexim ide treated birds
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Injection time 
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